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PREFACE

This plan has been prepared under the authority of the Endangered
Species Aet of 1973 and subsequent amendments of 1978. The plan is designed
to provide deeision maker8 with an orderly set of events whieh, if carried to
asuccessful ceompletion, would lead to the recovery of the species. The plan
also establishes priorities for protection and management of caves,
guldelines for protection Of foraging habftat, public educati on, and
sonitoring procedures.

The plan is organized into three parts. The first part includes a
description of the gray bat, it8 distributioen, life history, reasons for
decline, populatiem status, recovery actions completed or planned, and Needed
recovery actions.

The second part 1s a step-down plan wherein all existing and needed
research and management efforts are organized into an orderly set of events.
The prime objective is to move the gray hat to threatened status.XThe
minimum requirements fOr the attainment of this objective are documentation
of protection of 90% of Priority 1 hibenacula and documentation of stable or
increasing populations at 75% of Priority 1 maternity caves after a period of
5 years.

The third part identifies the priorities, biological significance,
needs, and recommended management agencies for all known gray bat caves.

‘Portiemsof Parts | andl| are quoted directly from Tuttle (1979a)
with the expressed permission of the editor8 of the Journal of Wildlife
Management.



PART |

Descrig%tion

The graybat is the largest member O ts genus in the eastern United
States. [t8 forearm measures 40-46 mm, and it weighs from 7-16 gas. (usually
8-11 gms.). Itiseasily distinguished from all Ot her bats within its range
by its unicolored dorsal fur. All ot her eastern batshave distinctly bi=or
tri-colored fur en their backs. Followingnolt ia July or August,gray bats
are dark gray, but they often bleach te chestnut brown or russet between

molt8 (especially apparent in reproductive females during May and June). The
wing membrane connects to the f oot at the ankle rather than at the base of

t he firsttot,as in Ot her species of Myotis.

Distribution

The gray bat is a monotypic speciesthat occupies a limited geographic
range in limestone karst areas Of the southeastern United State8 (FIGURE 1).
Popul ati ons are found mainly in Alabama, northern Arkansas, Kentucky,
Missouri,and Tennessee, but a few occur in northwestern Florida, western’
Georgia, southeastern Kansas, southernmost Indiana, southern and scuthwestern
Illineis, nort heast ern Oklahoma, northeastern Mississippi, western Virginia,
and possibly western North Carolina (Barbour & Davis, 1969; Tuttle, 1979a).
Distribution within the-range was always patchy, but fragmentation and
isolation of population8 4is inereasing.

Life Historv

Prior 1O recent majordeclines, individual niberating populations of
gray bats contaired frem 100,000 t» 1,500,000 or more bats. Approximately
95 percent of the entire imowm population hiberczses in only nine waves each
winter, with more than balf Ina single cave. Undi st urbed summer zoloniesin
Tenressee and Alabama contain from 5,000 te 250,003 or more bats each, with
most cumbering 1¢,000 te 50,000 (Tuttle, 197Ss).

Most grzy bats migrase scasonally between bibernating and maternity
caves. The distance traveled by individual eclopay varies depending ‘on
geographic location. Tuttle (157€u.) reports cthat cne-waymigratior for a
major maturnity colcny segment varies from a non-migratory 17 km to 525 km.

On arrival at bibernating caves, adults copulate and females irmediately
begin hibermation. Some mate and entex aibernatioz as carly a8 the first of
Septander, and nearly all do so by early October. Following mating, males
remin active for several weeks, during which time fat supplies depleted
during breediag are repleaished. Juvenilescf boti sexes and adult males
tend <o enter hibernation several weexs later taan adult females, but mos:
are :nhiber nationm by early November. Stored fat r eserves wmust last for at
least six to seven monmths (Tuttle, 1976a; Tuttle, unpublished data; Tuttle &
Stevenson, 1977).

Adult females emerge in late March or early April, followed by Jjuveniles
of both sexes and adult males. Most juveniles and adult males leave between
mid=4pril and mid-May (Tuttle, 1976a).Migration ishazardous, especially in

1



FIGURE 1. Distribution of Myotis grisescens.




spring when fat reserves and f 00d supplies are low. Consequently, adult
mortality is especially high in |late March and inApril (Tuttle & Stevenson,

1977).

Each summer-colony occupies a traditional home range that often contains
several roosting caves scattered al ong as much as 70km of river or reservoir
borders. Colony members are extremely loyal to their colony home range, but
t end todisperse i n groups anong several different caves within that area
(Tuttle, 19764a; LaVal, unpublished dat a).

Adult females store sperm through the winter and become pregnant soon
after emergence from hibernation (Guthrie & Jeffers,1938). They give birth
to a single young im | ate May or early June.Atthattime,the
reproductively active females congregate la a single, traditional maternity
cave (usually the warmest oae available), while males amd non-reproductive
females congregate im smaller groups in more peripheral caves within the
colony home range (Tuttle, 1976a).

Growth rates of aoavolaat young ar e positively correlated with colony
size (Tuttle, 1975}, because irnereasing nunbers of bats clustering together
reduce the themoregulatory cost per individual (Herreid, 1963: 1967). Growth
rates are also affected positively by higher ambient cave temperatures and
porous er: domed ceilings at roosts. Though growth rates vary, most young
begin to fly within 20-25 days after birth. Where colonies have been reduced
In size as a result of roost disturbance this time may be Increased to 30-35
days (Tuttle, 1975), and in severely reduced ecolonies, the young sometimes
die before learning to fly {Tuttle, unpublished data).

For newly volant young, growth rates and survival are inversely
proportional to the distance fromtheir roast to the nearest over Water
foraging habi t at (Tuttle, 197€s}. Although w®e the~s continue to nurse their
young £ar a brief period af ter the young 1lea=n tofly, Juveniles arc
apparently left to learn bow tad where to hunt on their own!Tuttle&
Stevenson, in zaauscript! .

Especially during the period cf lactation from 1late Mayte early July,
reproductive females must mairtzin high body tempsratures at their =elatively
tool roosts. This requires laeger amounts Of energy, and during the period
of peak dezaad, wxem young a=e roughly €0-320 days old, iadividual fema.es
sometimes feed contiauously far more tnan seven hours during & Sing:e night.

Duriag peak insect abundance la early evening many. gray bats feed in
slowly traveling groups , DUt whan insest nurtersd=opl-1/2 tC 2 hoursz’ter
sundown, gay bats bhecoze te~rizorial. Degending upon pgrey zbundance,
foraging terri-oriesmay be cccupied by fromcne s as many aS 15 or more
tats. Territories seem to bz csntralled by reproductive females and are
located in the same 2laces and used by tha same individual bats, from one

year to the oext (Tuttle et al., in manuscript).



Habitat Requirements

‘The gray bat is, perhaps, the most restricted to cave habitats of any
U. S. mammal (Hall & Wilson, 1966; Barbour & Davis, 1969; T'uttle, 1976a).
With rare exception (Bays & Bingham,1964)4it roosts in naves year-round.
Because of highly specific roost and bhabitat requirements, fewer than 5% of
available caves are suitable for occupation by gray bats (Tuttle, 1979a).
Colonies move seasonally between unusually warm (14-259C) and cold
(6-11°C) caves.

Most winter caves are deep and vertical; all provide large volume below
the lowest entrance and act as cold air traps. A much wider variety of cave
types are used during spring and fall transient perieds. In summer,
mat erni ty colonies prefer caves that actaS warm air traps or that provide
restricted rooms or domed ceilings that are capable of trapping the combined
body heat from thousands of clustered Individuals (Tuttle, 1975; Tuttle &
Stevenson, 1978). At all seasons, males and yearling females seem less
restricted to specific cave and roost types (Tuttle, 1976a).

Summer caves, especially those used by maternity eolonies, are nearly
always located within a kilometer of rivers or reservoirs (rarely more than
4 km) war which the bats feed (Tuttle, 1976b). Except for brief periods Of
inclement weather In early spring and possibly late fall, adult gray bats

~~."peed almost exclusively over water along river or reservoir edges (LaVal

et_al., 1977a; Tuttle & Stevenson, in manuscript). Detailed observations
over an east Tennessee reservoir indicated that most foraging was restricted
to within5 z of the water surface Dear shore (Tuttle et al., in manuscript),
but gray bats in Missouri have been seen foraging In forest canopy aleong
river edges in addition to low over-water (LaVal, unpublished data).

At an east Tennessee reservoir, foraging territories were nearly always
located over slabrock bottom along areas of the criginal river channel that
were bordered by forest. Foraging terri tories were found up to 20.3 river-km
from the roost, and a maternity colony Of approximately 8,000 gray bats
dispersed nightly along approximately 362 km of reserveir shoreline. Males
and yearling females were excluded from foraging territories, and the colony
may have been food limited (Tuttle & Stevenson, im manuscript; Tuttle et al.,
In manuscript).

LaVal et al.(1977a) st udi ed a grayobatmaternity colony In Missouri and
also found eolony members foraging up to 20 or more km from their most.
Though their study techmnique could not detect territorial behavior, they did
note that individual vats fed In areas of patchy distribution.

At an east Tennessee reservoir, Tuttle et al. (in manuscript) compared
insect faunas in foraging versus nonforaging areas and found significantly
more mayflies (Choroterpes and Stenacron) in foraging areas. They found no
gray bats foraging over a aearby reservoir where mayflies were rare. They
concluded that their study colony was dependent upon mayflies for survival.
Mayflies are believed to be especially susceptible to aquatic pollution from
industrial effluents (Fremling, 1968), and the reservoir where gray bats were



not found isknewn to receive unusually large amounts of toxic industrial
wastes (Ancn. 1978).

Newly valent young gray bats often feed and take shelter 4n forest
surrounding cave entrances. Also, whenever possible, gray bats of al | ages
fly in the protectian of f Or est canopy between caves and f eedi ng areas. Such
behavior provides increased protectionfrem predators such as screech OWlse
Forested areas surrounding caves and between caves and over-water feeding
habitat clearly. are advantageous to gray bat survival (Tuttle,197%).
Additionally, Qray bat feeding areas have aot been found alengsections of

ri ver or reservoir where adjacent forest NAS been cleared (LaVal cf al.,
1977; Tuttle & Stevensen, in manuscript).

Reasons for Decline

Human Disturbance.— In summer, gray bats select enly a few caves, which
must be located near rivers or reservoirs (Tuttle 1376b). They hibernate in
deep, vertical caves that have unusually law (6° =119C) temperature.

As a consequence of theircombined thermoregulatory and other habitat
requirements, gray bats congregate in larger numbers and in fewer hibernating
caves than any other Nerth American bat. "This concentrationm of such @ large
prepoertion of the known population into so few caves constitutes the real
threat to their survival® (Mohr,1972)}. In a brief plea for bat
conservation, Manville (1962) ncted the eXtreme vulnerability Of the gray bat
tc human disturbance and vandalism, and Barbour and Davis (1969) pointed out
that "in the last few years human disturbance has threateaed the very
existence of t he species.™ They concluded t hat "...M.grisescens isdestined
to continue a rapid decline in numbers and probably faces extinetion.®

Tuttle (1979) reported human disturbance in caves to be a primary cause of
decline and demonstrated a ciose relationship hetween decline and frequency
of disturbance.

Although aay repeated disturbunce of rocst.s s harmful, é¢isturbance froa
late May through mid=July at materuity cives ard froam mid-August through
April at hibernating caves 1is especially’ detrimental. In the fist period,
flightless yong are on roasts, and thousands zap die frem a single .
éisturbance. In the secord, each human entry causes all gray bats within
range of sound or light tc arouse at 1sast partially, and usually ccmpletely,
froag hibernation.

A limited number cf arcusals is natural and necessary, but each arcusal
from hiternation is energetically expensive, and energy reserves (in theform
of fat’ cannot be replaced bef Or e springesergence. Calculazionmsfor sim | ar
sizad species of the same genus indicated that each arousal ceures g bat to
expend 29-30 days of stored energy reserves (haan, 1¢73). Sizilarly,
Tuttle's unpublished observations oh gray bats indicate normal rates of
hibernating weight loss of less thaa 0.0l gms/day. Ir contrast; ke found
that gray bats sometime |ose as much as 0.48 gms in the first poyr of
disturbance. Tne amount lest varies accordi ng to seasen; cave temperature
and Other factors, but Tuttle’'s data indicate that simple arousal and
movement to a new roosting place probably costs an average gray bat as mch



energy as it would normally expend im 10 to 30 days Of undisturbed
hibernation (Tuttle, unpublished observations).

An aver age human visit to a gray bat hibernating cave usually results In
either multiple or prolonged disturbance to the bats. Clearly, repetition of
visits within a single winter can exhaust the bats’ limited energy reserve,
resulting in high levels of mortality. Once a bat's energy stores are
exhausted, It likely will | eave the cave prematurely in sear ch of food, dying
outside where its fate will go uaaoticed.

Environmental Disturbance.== The very large proportion of gray bat
decline t hat appears to be directly attributable to buman disturbance renders
detection of other potential problems extemely difficult. Nevertheless
several factors involving environmental disturbance probably have affected
gray bats adversely.

The possible influence of pesticides in causing declimeotNorth
Merican populations of insectivorous bats has been reported (Mohr, 1972;
Reidinger, 1972, 1976; Cl ark and Prouty, 1976: Geluso_ef al.. 1976), and a
recent study has documented mortality and probable populatiem decline in gray
bats resulting from routime Insecticide usage (Clark et al.,1978).

Clearly, further Investigation is needed. Domald Clark (persona®
communication) analyzed samples of guano from 22 gray bat caves |a Alabaxe .
and Tennessee and has found considerable variation among localities, with
levels of PCB, DDD, DDE, beptachlor epoxide, or lead at potentially dangerous
levels.

A further possible cause of decline may involve ot her chemical pollution
or siltation of waterways over which gray bats forage. Although studies ON
prey preferences are aot yet complete, gray bats areknown to forage
primarily over rivers, streams, and reservoirs (Tuttle, 1976a,b; LavVal
et _al., 1977) where they capture a variety of insects. Among These ar e 1large

numbers of mayflies (Tuttle, 1976b; Tuttle et al_ in manuscript), as well as
stoneflies and caddisflies (Bracketal. laprep.). Al three groups of

insectsarethoughtt 0 be QUi t e sensitive t 0 aquati c pollution. Through
broad areas of theirfomer habitat, mayflies have beea virtually el i m nat ed,
and they arenow rare inother areas of former abundance (Fremling,1968).
Clearly, such deelines could prove disastrous for predators that depend upon
mayflies as amajor f 00d source.

Few observations are avatlable on the potential effects of siltation.
Carlander_et al. (1967 suggested t hat at least some siltation benefited
nymphs of the two species of mayflies. &her studies Indicate some species
appareatly were unable to survive on mud or silt substrate, (Lyman, 1943;
Minshall, 1967). In areas surrounding the Cumberland Plateau in Kentucky and
Tennessee, rccent increases in strip mining have praduced levels of siltation
that could have extreme and far reaching effects on aquatic biota and
consequently on the future survival of gray bats living along affected
waterways. In a recent census of gray bats i n Al abanma and Tennessee, all
colonies along heavily silted waterways had declined (Tuttle,1979a).



Problems involving the effects of beth chemical and silt pollution on aquatic
insects upon whieh gray bats depend Nneed more INvestigation.

Additionally, deforestation of areas near nave entrances and between
naves and rivers Or reservoirs where gray bats feed may have affected them
detrimentally. Duri ng exceptionally cold spring weather, Tuttle (1979a) has
observed that gray bats sometimes forage in forested ar eas near their caves.
Also, during evening emergence gray bats usually fly in the protection of
forest CAnOpy enroute t O rivers Of reservoirs where  they feed (Tuttle,
1976b). Gray bats often travel considerably out of theirway in order to
take advantage of even scattered trees along fence rows. Screech owls
capture emerging gray bats but are less successful when the bats are able to
t ake cover in forest canopy (Tuttle, 1979a).

Since female gray bats produce their first young when 2years oid
(Guthrie, 1933b; Tuttle, 1976a) and thereafter produce ony one per year,
oven slight Increases in predation could prove significant. Young gray bats
are slow and clumsy fliers during their first week of fiight, and at naves
surrounded by forest, they often spend several nights foraging in the f or est
before venturing farther away. The trees provide convenient resting place’s
for weak fliers and protection frem predators and wind.

Impoundment of Waterways.-- Gray bat preference for caves near rivers
has made their roosts particularly vulnerzble to fnundation by man-made
impoundments. The initial effect of long-established impoundments, such as
the tennessee Valley Authority reservoir system, is difficult to evaluate due
to a lackofpre-impoundment data. The little information available
indicatest bat many | nportant caves, and probably their bat populations, were
extirpated. AbD account by McMurtrie (1874) describes a cave la Al abama,
since flooded by a reservoir, whiech vs ‘inhabited by countless thousands of
bats®™ and had guano piles 4.5 m deep. Long-time residents have told of many
ot her such caves now submerged. Timing of the initial flooding may be a
eritieal factor im whether the flooded populations are destroyed
imediately. The bat's strong Sit6 attacnment and narrow ecological
requirements, however, make survival of displaced populations questiorable
even if they escape imitial destruction.

It was initially suspected that reservoirsmight increase the amcunt and
quatity of foraging habitat f Or eslonies that survived (Tuttle, 1976b).
Rezent studies of gray sat foraging baditat and prey preference requireaments
support ar opposite conclusion (Tattie et al. . d4m manuscript). Furthernore,
recreational activiiy asscclated witn reservoirs has greztly lncreased the
nuzber Of people visiting gray bzt habitst, and zany caves fosmeriy long
dustances from population ceaters and woads are now within easy access by
bezt.

Gave Commercialization and Impropsr Gating. - Some of the largest gray
bat colonies ever known have been extirpated as a result of cave
comnercialization. Irfact, the largest remaining gray bat summer colony
would have been destrcyed by commercialization in 1977 If the U.S. Fish and
¥ildlife Service had not intervened (Tuttle, 1979a). Sone responsible owners
of commercial caves have protected secti ons oftheir cave3 that were critical
to gray bats,and those bats may, have benefited by commercial enterprises.
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In several cases, entire gray bat colonies, especially at maternity
caves,have been |ost as a result of the well meaning efforts of poorly
informed conservationists who bui | t improperly designed gates for the bats'*
protection (Tuttle, 1977). Any modification Of cave entrancesthat affects
bat movements, cave microclimate or facilitates predation should be avoi ded
(See Appendix II}.

Natural Calamities.—~ Cave f| 00di ng is by far the most important natural
calamity faced by gra)(] bats, andit i S becoming increasingly | nportant as
they retreat” farther back iateinaccessible placestoavol d human
disturbance. Summer colonies Often retreat to roosts over deep water in
order t 0 avoi d disturbance by humans. In some caves, this 48 a successful
avoidance strategy; but in others, such roosts become death traps during
flooding (Tuttle, 1979a).

An additional problem involves cave entrance closure. On rare occasions
cave-ins or gradual fill-in of sinkhole entrances rtndtr a cave entrance or
an important passage too small for a large colony to pass through without
greatly increasing t he danger of predation.

Current_Status of Population_and Trends

As poiuted out by Tuttle (1975, 1979a), estimation of gray bat
population si ze is exceedingly difficult. For this reason, plus the fact
that available estimates have been made by several different workers, we
suspect that some population estimates prtstnttd here may differ from the
actual numbers by’ a8 much as 25-50%.

TABLE 1. MAJOR GRAY BAT RIBERNACULA AND POPULATION BY STATE

Number of
State Ma jor Hibernmacula Total Pooulation

Alabama 1 700,000
Tennessee 3 300,000
Arkansas 1l 250,000
Kentucky 1 25,000
Missouri 3 300,000

Total 1,575,000

There art only two situations in which gray bats remain at a given site
in a specific cave iong enough ta allow the entire population to be
censused: {1) At hibernacula during December-February;(2) at maternity
caves during late June, after all young are born but not yet flying.
Hibermaculum counts am especially Inaccurate, but to date provide our most
convenient population estimates for wide geographic areas. Allanine known
ma jor gray bat hibernaculahave been ctnsustd within the last 5 years, and
probably account for some 95% of the summer population of the states listed,
as wel | as adjoi ning states:



Few of that caves have been censused at rcgul tr iantervals, so mo overal |l
esti mat e of population decrease ean be nmade. However, al leastthree major
hibernacula i N Alabama and Tennessee haventne€ntirely, or almost entirely,
o Hemaen 4p the past 50 years and a population oceupying one Missouri cave
has diminished from 100,000 to 3,000 i N thelast15 years. O her hibernating
populations have suffered decliner of around 502 over that period, including
one that accountsfor halfofal | hi bernating gray bats. Several populations
have remained nearly stable. The overall estimate Of decline, based on
hibernating population censuses,is at least 50Z.

Estimates Of former populations, based on stained areas and Qguano
accumulation at maternity sites, art the best indicator of the overall
popul ati on decline suffered by this species.

Tuttle (1979) reported on A mumber of caves in Alabama and Tennessee that
hehad censured twiece. The estimated maxi num past popul ation for the 22 caves
vas 1,199,000, By 1970 the nunmbers bad di mnished to 635,700, a472 reduction,
and just six years thereafter the combined population had £allea t 0 293, 600,
an additional 54Z reduction.

In Mssouri, 41wmaternity caves had an estimated maximum past population
of 1,247,700. Twenty of these caves are now abandoned. The remaining 21 had a
population Of 343,600 in1978, areduction of 72Z.Twenty-seven maternity
caves censused in the ear | y 1960, s by Myers (1964) hada populationof 238, 000.
In 1978, 16 were abandoned, the remaining 11 havi ng a population of only 46,500.
This constitutes an al armng 80% reduction over the 15-year period.

Recent (1979) data from Kent ucky indicate an evenmore serious situation
there. Twentycaves had a maximum past population of 515,400. Today only
61,100 bats zemain in the eight caves still occupied, an 882 decline.

In summsry, it appears that, althoughthe decline in gray bat populations
probably began during the nineteenth century when the exploitati on of caves
first began sn a lazge scal e (mianiangof saltpeter,onyz, and ocher cave
minerals),the rate of decline bhas accelerated drasticaliy during the past tvo
decades reflecting the Soari Ng popularity Of speiunking as 8spiort. If popula=~
tioas continued t0 decrease ¢t the rate Of 542 every six 'pears, there would be
as few as 100,000 gray bats lefe by the year 2000, Because gray bats require
large colcanies for successfal rearing of young (Tuttle 1975}, a population of
100,000 scatzered among many caves in six states might not be able to sustain
itaelf, ard thus the species might be doomed to extinction if the population is
2llowed cc dr Op anywhere near t hat level.

Recovery Actiuns Already Accomnlisked, Underway, er Pl anned

Since the gray bawas lisced as ® ndangtrtd (Federa Register, 28 April
197€), encouraging progress has been made. theU.S. Fi sh and Wildlife Service
has purchased Sauta Cave, the most important knowu summer cave, and is
considering other important acquisitions, including t bt omly major gray bat
hibanaculum iz Kentucky. it al so fenced and posted Cave Springs Cave, 8 major
summer cave ou the Wheeler National Wildlife Refuge in Alabama. During more
than ten years Of precipitous decline, the formerly large mat=raity
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colony at this cave was destroyed, andomly a wansentbachel or remnant of
approximately 9,000 bats remained. Following only 2 years of strict
protectiom from human disturbance, this colony has returned to maternity
status amd increased to more than 19,000 bats.

Acquisitions and management actions have been undertaken by a number of
Federal and state agencies. However, certain agencies have been especially
active in the acquisition and protection of gray bat caves, and should be
gratefully acknowledged for their services to dote. These include the U.S.
Fish and Wildlife Service-Region 4, Tennessee Valley Authority, National Park
Service, U. S. Forest Service, U.S. Army Corps of Engineers, and Missouri
Department of Conservation, and the Tennessee Widlife Resources Agency.

Needed Recovery Actions

Acquire and Protect Caves.-- Because gray bats roost almost exclusively
In caves, a substantial measure of protection can ve af f or ded the population
if all or at least the more important of these caves art protected from
adverse human disturbance or modification. In the majority of caves this
means that various governmental agenci es, and possibly private coaservation
organizations as well nust first acquire some degree of control over t he
cave. This may be by f ee acquisition, least, easement, cooperative
agreement, or some other arrangement, thecritical factorbeing that the
agency can legally take whatever steps art required to reduce O eliminate
disturbance oft he bats.

Clearly, the immediate objective must be to reduce human disturbance in
occupied caves. First,the locations of gray bat caves must be made known to
appropriate Federal, state, and local agencies, and private organizationms,
along with recommended Opti ons for protection. Locations Of most gray bat
wintering caves and many summer caves art known to bat r esear chers. Even
those NOt yet known t0 researchersare usually known locally to spelunkers.
Access to such location lists, however, shouid be restricted to acconplish
protectionof t he sites.

Certain caves t hat have been especially important to bats i n the recent
past, but are noew abandoned due to heavy disturbance, probably will be
recolonized if protected, and sheuld be acquired so the required degree of
protection can be achieved. Protecting caves may require signposting,
gating, fencing, and surveillance by enforcement agents. No gatingorother
entrance alteration of gray bat caves should be attempted without careful
consideration of the potential impaet upon movement of both bats and air
(Tuttle & Steveanscn, 1977).

However, because gray bat usage of caves is seasonal, protection efforts
should be concentrated during the periods Of residence (see Fl GURE 2).As a
rule of thumb, all disturbance must be avoided atmaternity caves between
early April and theendof July. At hibernacula,it is best to avoid all
disturbance between mid-August and mid-May. At these and otnher Kinds of gray
bat caves, the actual period of usage, whieck may differ somewhat from t he
above dates, must determine perieds Of intensified protection effort.
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Control Habitat Destruction.— Fortumately, much of theforagi ng habit at
used bygraybats 1 n merprinary popul ati on centers (the Ozark and sout hern
Appal achi an regi onsf) has not been seriously modified by Ban's activities
except for the construction of reservoirs by the Tenneessee Valley Authority,
the U. S. Army Corps of Engineers, and public utilitycompanies. Much of
this region remains forested, andthe level of water quality necessary for
production of the aquatic insects eaten by gray bats has been largely
maintained in many rivers and streams. In some areas reservoirs provide
foraging habitat forQray bats; however, recentstudies indicate thatthe
quantity and quality of prey species Of 4imseets produced are not as great as
t&t produced by unimpounded rivers (Tuttle_el al. inmanuscript). Forested
corridors, river edges, and reservoir shorelines should be left intact near
major gray bat summer caves. Substantial areas of habitat have been
destroyed or degraded by clearing, channelizatiom, siltation, spraying of
herbicides, pesticides; ete., and such destruction continues. Any activities
thatti ght adversely affect the feraging habitat within 25 km of major gray
bat caves should be carefully examined and modified, if necessary, t0 protect
the habitat. \When unusual nunbers of dead bats are f ound in caves., the
carcasses should be examined for lethal concentration of pesticides or other
t oxi c-substances, and the source identified and controlled. In thisand
other cases where popul ati on decline is apparently due to destruction or
degradation of foraging habitat, st eps shoul d betaken torestoreand/ or
enhance existing habitat.

Public Education.== Government officials at all levels should be
educated regarding the ecological role of bats.Many offi cials, through
exaggerated fear of bats as disease vectors, feel thatthe onlygood batis a
dead bat. Di sease problem should be put in perspective and of ficial s shoul d
be informed, for example, that the gray bats from a single cave ia Alabama
consume more than 900 poundsof insects Ni ghtly and80 tons annually.

Major efforts should be madeto educate andgain the cooperation of
landowners. Many woul d cooperate if contacted byl ocal wildlife officials or
conservation groups. Cave owners shoul d be provided withan official written
statement outlining the basic problem, the potential value of having the
bats, and Federal and state laws anc¢ penalties for disturbing them.
Additionally, State wildlife agencies in coordination with the Fi sh and
Wildlife Service should offer to post privately-owned gray bat caves, as well
as posting their own, with sighs briefly outlining reasons for protection and
specific times during whi ch entry is prohibited (see APPENDIX II).ltis
important also to inform landownersthat aval uabl e and rare resource is
i nvol ved, to generate a sense of pride and stewardship, making the protective
ﬁosture_ a positive step. Aplaque can be givencooperative | andowners which
as their name on it to be placedat the cave.

Such procedures should impress t he landowner that protecting batsis
important' enough to warrant his participation and lets him ®*off the hook”
with neighbors and others who might otherwise think of him as unfriendly.
Also, informative signs often elicit cooperation even frem would-be vandals,
especially if a definite time period is sti pul at ed.
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A carefully-written brochure should be nade available for distribution
by state and Federal agencies throughout the range of the gray bat. The
purpose of the brochure would be to convince the public that bats are worth
protecting, and that the public’s cooperation is essential if bats are to be
pro tec ted successfully.

The need to avoid disturbance of gray bat caves should be emphasized. A
sample brochure published by the state of Missouri is attached (APPENDIX V).
A color slide presentation should be prepared for use in parks, nature
centers, sSchool s, etc., located within the distributional range of the gray
bat. The National Speleological Society, Roy and Girl Scout troops, and
other organizations whose members explore caves should receive special
emphasis in these efforts.

Research Needs, Recommendations, and Cautions. = Gray bat seasonal
habitat requirements (Tuttle, 1975, 1976a.b: LaVal et al.,1977) and movement
patterns (Myers,1964; Hall & Wilson, 1966; Tuttle, 1976a; Elder & Gunier,
1978) are relatively well understood, and available information is adequate
to permit management initiatives. Nevertheless, several areas require
further investigation.

Throughout the range ofgray bats, investigations of the effeectsof
environmental disturbance are essential. The most important areas of concern
involve the potential effects of water: poliution and siltation on aquatic
insect life upon which gray bats depend, as well as those of pesticide
contamination and local deforestation. Foraging habitat and prey preferences
are necessary baseline data.

Plans for further studies raise the question of potential
research-related disturbance. Gray bats are especially vulnerable to any
disturbance during winter hibernation and immediately before and during their
maternity period. Observation, netting, trapping, handling, canding, and
other research-related activities should be restricted to the times and
situations recommended by Tuttle (1979a:15-16).

Ifhasar e banded, the recommended bands (ezlled "rings™ In Englard)
can be obtained Zrom Lambournes (Birmingham) Limited, 170-174 Great Bampton
Row, Birmingham, 1319.3JF, England. Hibermacula should only be censusec
avery 2 years.
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PART II: RECOVERY

Abbreviated Step-Down
Qutline

PRIME OBJECTIVE: TORECLASSIFY THE GRAY BAT FROM ENDANGERED TO THREATENED
STATUS,

1. Prevent Disturbance to | nportant Roost Habitat.
1.1 Publie Education.

l.1.1 Literature.

1.1.2 Interpretive Signs at Caves.

1.1.3 Ranger-Naturalist Talks.

1.1.%4 Inform Gave Users.

1.1.5 SlideProgran.
1.2 Prevent Unauthorized Entry.-

1.2.1 Erect Yarning Sigms.

1.2.1.1 Design ProperWording of Signs.
1.2.1.2 Sel ect Caves Where Signs Alone Will be Effective.

1.2.2 Gate Or Fence Cave.
1.2.2.1 cain Control of Roest Site.
1.2.2. 1.1 Roost Site Evaluation.
1.2.2.1.1.1 Identify Roost Sites % be Protected.
l1.2.3Monitor ROOSt Sites.
1.2. 4 ¥onitor Caves by Law Enforcement Agencies.
1.3 Prevent Adverse Modifications to Roost Sites.

1.3.1 Prevent andfhehabilitate Adverse Modifications to the Subsurface,
Including Entrances.,

1.3.2 Prevent and Rehabilitate Adverse Modifications to the Surface
Watersheds Surrounding Important Roost Sites.

1. 3. 3 Make Locations of Important Roost Sites Available to Appropriate
Fish and Wiidlife Service Offices and State Wildlife Agencles.
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2: Maintain, Protect, and Restore Foraging Habitat.
2.1 Public Education. .
2.1.1 Literature.
2.1.2 Ranger-Naturalist Talks.
2.1.3 Slide Program.
2.2 Prevent Adverse Modifications to Foraging Areas and Travel Corridors.
2.2.1 Determine Habitat Requirements.
2.2.2 Preserve \Water Quality.
2.2.3 Preserve Forest Cover.
2.2.4 Monitor Habitat.

2.2.5 Include Foraging Areas and Travel Corridors in Section Seven
Consultations.

3. Monitor Population Trends.
3.1 Monitor Status of Populations in Hibernacula.
3.2 Monmitor Status of Populatioms in Maternity Colonies.
3.3 Monitor Residues of Toxic chemicals.
3.3.1 Sample Insects.
3.3.2 Sample Guano.
3.3.3 Sample Bats.

Recovery Plan Narrative

OBJECTIVE: TO REMOVE THE GRAY BAT FROM ENDANGERED STATUS

It is the opinion of the Indiana/Gray Bat Recovery Team that the status of
the gray bat can be changed from endangered to threatened if the following
condicions am met. The criteria for the change to threatened statusis
documentation of permanent protection of 90% of Priority 1 hibermacula and
documentation of stable or inereasing populations at 75% of Priority 1
maternity caves (see Part Ill) during a period of 5 years. Once the status
of the gay bat has been changed from ®“endangered®™ to "threatened,® It will
be possible to delist this species by the documentation of permanent
protecti on as well as stable or increasing populations during five years of
25% of Priority 2 caves in each state. The MOAat important feature of this
plan is the protection of roosting habitat. This will require gaining
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control of Important hibernacula and maternity caves and protecting them from
buman disturbance. This can be done by either direet purchase, cooperative
agreenent, easement, ctC. We also believe that as much as practicable,
foraging habitat (whiech consists of bodies of water ranging frema small
streams to large reservoirs with accompanying riparian vegetation) must be
maintained, protected, and restored. Finally, in order to insure the success
of our efforts, a monitoring program should be established to insurethat
gray bat populations are responding positively.

1. Prevent Disturbance to Important Roost Habitat. There are a number
of hibernation and maternity caves distributed throughout the range of the
gray bat which. must be preserved if the species is to survive. Disturbance,
especially from human beings, has been documented as a major factor in
decline of the species (Tuttle, 1979a). Because gray bats have such
specialized requirements, only a small percentage of available caves are
suitable.

1.1. Public_Education. The public must be informed of the
consequences if their actions disturb gray hat roosts. In addition, the
beneficial qualities of gray bats should be promulgated.

l.1.1. Literature. The U.S.%ish and Wildlife Service should make
available interpretive brochures t 0 land management agencies, cave owners and
organizations whose members explore caves within the known range of the gray
bat.

1.1.2. Interpretive Signs At Caves. Signs erected at cave
entrances should provide -Information on life history and consequences of
disturbance.

3.1.3. Ranger-Naturalists Talks. These tal ks, given at places such

asnational park and forests and Corps of Engineers and Tennessee Valley
Authority reservoirs, should include approp~iate informatiocnon t he gray bat.

i.1.8, Inform Gave Users, Special emphasis should be made to
educate cave users such as speleologists, boy and girl scouts, and cave
owners.

i.1.5. Slide Frogram. A siide program should be prepared by the
U.S.Pish and Wildlife Service on the gray bat with emphasis on the
beneficial effects and need for pretection.

*+2. Prevent Cnauthorized Entry. Preventi ng unauthorized human
access to gray bat caves is t he best way to curtail disturbance.

1, 2,1, Erect Waraing Signa. U8igas can be used a¢ certain caves to
discourage entry. Signsace also used ir corijunction with gates to inform
the public. Signs should not block bat movement or air flow (see
APPENDIXII).

1.2.1.1.Design Proper Wording of Signs.FIGURE 3 shows a sign
which the Team thinks is properly worded.
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1.2.1.2. Select Caves where Sizns Al one Willbe Ef f ecti ve.
Criteria are presenf ed i8 APPENDIX II.

1.2.2. (Gate or FenceCave. Placeastructure such as agate or
fence atthe nost cave entranceto prevent human access,but which will
permit gray bats to come and go without danger. See APPENDIX II. All plans
togate orfence acave shoul d be submitted to the Regional Di r ect or for
approval, because inproper construction can destroy the colonies they are
built to protect.

1.2.2.1. ¢caia Control of RoostSite. If the roostsitei s noton
publicland,control through tee purchase, e€asement, or other | egal
arrangement shoul d be obtained.

1.2.2.1.1. Roost Site Bvaluation. All inportant roost sites must
be eval uated todeterm ne i astructure isneededto prevent entry. An
| nproperly designed gate can prevent gray bat use. APPENDIX Il describes how
a gate or fence shoul d be constructed to prevent adverse | npacts. The
Recovery Team til| eval uate whi ch cavesshoul d be structurally protected and
make recommendations in the |nplenentation (PARTIII).

1.2.2.1.1.1__Identify Roost Sites to be Protected. After all known
gray bat roost sites are Identified, the Recovery Team will recommend which
sites should be protected based or ttc following categories in order of
biological significance. Final priorities ( PART III) will be based on
management needs as wel | asbi ol ogi cal significance. The Recovery Team will
review all priority assignments, elassification, and cat egori es of biological
significance of new or revised data.

CabTegories of Biological Significance®
L_(l/ff'Primry hibernating caves (those occupied now or ia the past by
more than 50,000 gray bats £a nort hern Alabama and Tennessee;
25,000 elsewhere).

(2) /Primary maternity caves (t hose occupied now or im the past by
50,000 or more gray hat s in morthesa Alabama and in Tennessee
west Of the Cumberland plateau; 40,000 im Kentucky; 10, 000
el sewhere except for Florida, Oklahema, Arkansas, Kansas, and
sout hern Al abama wvhere the number is 1,000).

(3) Primary bachel or caves (thosewed mow Or ia the past by nore
than 50, 000 male and nonreproductire fenml e gray batsia
nort hern Alabama andia Tennessee west of the Cuzberland
plateau; 10, 000 elsewhere exeep% for Florida, Oklahoma,
Arkansas, Kansas, and southern Alabama where t he number is
1,000).

® Caves that are NOt presently suitable for bat use have beea excluded.
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/(%) Secondary mat erni ty eaves (those presently used now or in the

(L~ past by more than 5,000 but fewer than 50,000 gray bats in
northern Al abama, and in Tennessee west of the Cumberland
plateau; by more than 1, 000 butl ess than 10, 000 el sewhere,
except for Florida, Okl ahonma, Arkansas, Kansas, and sout hern
Al abama wher e they number more than 500 but | ess than 1,000).

(5) Secondary bachelor caves (those presently used mew Or in the
past by more t han 5,000 but fewer t han 50,000 gray bats in
northern Al abama andin Tennessee West of the Cumberland
pl at eau; by more than 1,000 but less than 10,000 elsewhere,
except for Florida, Oklahoma, Arkansas, Kansas, and southern

—.._ Alabama where the number nor e thaa 500 but less than 1,000).

. N

{  (6) Secondary hibernating eaves (those used by more than 5,000 but
less than 50,000 gray bats in Tennessee and Alabama: by more
than 2,000 but less than 25,000 elsewhere).

(7) Gray vat caves not included in the previous categories, such as
caves which receive only brief seasonaluse by small nunbers of
gray bats, and abandoned caves which in the past housed only
small colonies.

l.2.2.1.1.1.1. Identify All Gray Bat Roost Sites: The Recovery
Team has S€Nt a request to all persona known to have information on gray bats
to determne the location, size, and type of roost sites {see PART III).

1.2.3. Monitor Roost Sites. After roost sites are protected, t hey
must be monitored to determine if the method of protection is effective and
to determne if repairs or changes in managenent e .re needed.

To make a popuiatien esti mate, each important maternity cave should be
visited once per year between late July and mid-fugust afcer young bats are
volant. To minimize disturbance, eatry into the cave should be made at night
soon after the batsemerge. To obtaia population estimates,the area on.the
floor of the cave covered by new guano depasits should be neasured ia square
meters and multiplied by the mean clustering density of 1,828/m2 and
rounded to the near est hundred. Guano deposited during the current season is
recognizable by a sembinatien of fact ors suchas kind and stage of growth of
associated fungi, general moisture content, kinds and life stages of
invertebrates present, stage of decay of dead bats, and amounts of guano
removed Dy streams kmown to undergo seasonal fluctuatisn. Information
gathered sheould be sent te the Recovery Team Leader. The Recovery Team will
analyze the data and transmit itS recommsndations to the Regional director.

1.2.4 Monitor Caves by Law Enforcement Agencies. The Law Enforcement
Divizion of the U. S. Fian and Wildlife Service has requested fundsto
monitor gray bat caves and investigate violations. State agencies should
also cooperate in this effort.

1.3. Prevent Adverse Modifiecations to Roost Sites. To preserve
roost habitat for gray bat we, adverse modifications must be prevented.
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1.3.1. Prevent and Rehabilitate Adverse Modifications to the
Subsurface, Including Entrances. Anumber of caves that were formerly
important roost sites have been adversely modified by such means as partially
blocking ah entrance or creating new entrances. Modifications such as these
can greatly af f ect the air flow; and, as a result, the temperature and
hum dity regimes (Tuttle and Stevenson, 1978). Any roost sites that are
Identified for protection ia item 1.2.2.1.1.1, and that have been adversely
modified, should be restored. Reference to APPENDIX Il and Tuttle and
Stevenson (1977) should prevent additional adverse modification.In
addition, any proposed modification to an important gray bat roost site
shoul d be approved by the appropriate Regional-Director of the U. S. Fish and
Wildlife Service on the recommendation of the Recovery Team.

1.3.2. Prevent and Rehabilitate Adverse Modifications to the
Surface Watersheds Surrounding Important Roost Sites.. Caves are vulnerable
to changes made to the surface areas above. Including areas which drain Into
caves. For example, deforestation can inerease the amount of runoff and silt
entering a cave.

1.3.3. Make Locations of Known Roost Sites Available to Appropriate
Fish and Wildlife Service Offices and State Wildlife Agencies. Insure that
appropriate U.S. Fish and Wildlife Service offices and state wildlife
agencies are provided with the | ocati ons of kmown roost sites so they can be
used to identify potential conflicts during Section 7 consultations and other
planningactivities.

2. Maintain, Protect, and Restore Foraging Habitat. (G ay bats foralge
primarily over streams, rivers, and | akes where erepuseular and nocturna
Insects are abundant. They usually disperse from caves to foragingareas
through or beneat h the protective f or est canopy. Foraging areas may be 25 or

- more kilometersfromt he cave, although many are closer. Therefore, itis

- important to maintain forested corridors or dispersal routes to f or agi ng
habitat.

2.1. Public_Education. Land owners diathe vieinity of known gray

bat roosts shoul d be urged to leave natural forest corridors, especially
along streams, ponds, and lakes. The beneficial ef f ects of insectivorous

bats should be enphasi zed. -

2.1.1. Literature. Interpretive brochures shoul d be made available
to land managenent agencies, cave owners and organizations whose members
expl ore caves by theU., S. Fishand Wildlife Servi ce outlining the val ues and
needs of the species (see iteml.l.l).

2.1.2. Ranger - Naturalist Talks. Agencies conducting i nterpretive
prograns within t he range of the species should be urged to include
irformation On the need for protection of the gray bat as well as other bat s.

2.1.3. Slide Program. A slide program should be prepared by the
U.S. Fish and Wildlife Service on the gray bat with emphasis on its
beneficial effects and need f or protection.

19



2.2. Prevent Adverse Modifications To Foraging Areas and Travel
Corridors. Modification Of foraging habitat may be detrimental to the
survival of these bats.

2.2.1. Determine Babitat Requirements. Throughout the range of
gray bats, investigations on the effects of environmental disturbance ar e
essential. Most Important areas of concern involve the potential effects of
water pollution and siltation on aquatic Insect life upon whieh gray bats
depend, as well as those of pesticide contamination and local deforestation.
Foraging habftat and prey preferences are necessary baseline dat a. Foraging
areas for each maturnity cave should be identified, with emphasis given
according to the priority list in Tables 4-7.

2.2.2. Preserve Water Quality. Insects that serve as food for this
species are adversely impacted by water pollution. Water quality of streams
and lakes near ¥mown roosts should be maintained at acceptable levels as
defined by state and Federal regulations.

2.2.3. Preserve Forest Cover. Gray bats depend eoa the forest
canopy for travel between caves and foraging areas. Forested corridors
between caves and foraging habits should be maintained. Deforestation of
riparian areas may also affect siltation rates and adversely impact food
availabilitcy. v

2.2.1. Monitor Habitat. Foraging areas amd travel lanes should be
identified for each cave identified 4m item 1.2.2.1.1.1. Once delineated,
the areas should be monitored periodically to identify potentially damaging
changes.

2.2.5. lnclude Foraging Areas and Travel 'Lanes In Section 7

Consultations. U.S. Fish and ®ildlife Service Section 7 Consultation teams
should include foraging kabitat for maturnity caves, as well as other cave
roosts, in their consideration of projects affecting the habitat of these
bats.

3. Monitor_Population_Trerds. In order to measure tbe effectiveness of
the actions taken as part of this recovery plan, st will be necessary to
regularly monitor the status of selected populations. Population declines
w#ill signal the need for corrective acti on, and increasiag populations should
be wed to measure progress towards the prime objective of removing the gray
‘bat f r om the Endangered Species List.

3.1, Monitor Status f Pooulations In Bibernacula. The Recovery
Team ir cooperation with the U. 3. Fish and Wildlife Service will develor a
monitoring system and implement a census of Priority 1 hibernacula every
three years.

3.2. Monitor_ Status Of Populations In_Maternity Colonies.
Priority 1 maternity colonies of this species should be monitored annually as
described in item 1.2.3.
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3.3. Monitor Residues Of Toxic Chemicals. The possible | nfl uence
of pesticides i n causing the decline ofinsectivorous bats has beenreported
and a recent study has docunented mortality and probable population decline
in gray bats resulting from routine pesticide usage (Qark_et al,, 19781.
Tbe following paraneters should be monitored if this s suspected.

3.3.1. Sample Insects. Where bat mortality has been demonstrated,
insect samples from known gray bat foraging ar eas should be collected and
analyzed for toxic chemical residues. Significaat anpunts should be traced
to their source, and corrective. action taken.

3.3.2. Sample guano. Where bat mortality has been demonstrated,
guano samples from summer cave roosts should be analyzed periodically f or
toxic r esi dues and any significaat amountstraced asinitem 3.3.1.

~3.3.3. Sample Rats. Aay anal yses of imseet or guano samples
contai ni ng significant anounts of toxic residues should be reported, and
samples of gray bats from these areas should be analyzed directly for
residues. Dead bats sbould be used whenever possible. Corrective action

should be taken as in item 3«31



PART |||
IMPLEMENTATION
Priorities i N col umm four ofche fol [ owing i nplementati on schedule are assigned
as follows:

1. Priority 1 - All actioms tht areabsolutely essential to prwent
extinction of the species.

2. Priority 2 = All actions necessary to maintain the species' current
population status.

3. Priority 3 = Al|l otheracti ons necessary to provide forfull recovery
of the species.



IMPLEMENTATION SCHEDULE

| GRAY BAT
GENERAL | PLAN TASK TASK PRIORITY |FASK ~ ~ | RESPONSIBLE AGENCY FISCAL YEAR OOGIS (EST.) [ OMHENTS
CATEGORY ! | DURATION | FWS OTHER NOTES .
REGION ] PROGRAM FY 80 ry 81 rY 82
A6 Acquire Ferm See
Cave (AL) 1.2.2.1 4 Appendix V|
A3 Protect Bonanza
Cave (AR 1.2.2 4 USPS "
A6 Acquire Coffin
Cave (HO 1.2.2.1 3 HDC "
A6 Acqui re Hubbards
Cave (TR) 1.2.2.1 4 NC "
A6 Acqui re Pearson SE
Cave () 1.2.2.1 4 Realty |TWRA "
A? Protect Jense
James (KY) 1.2.2 4 sse "
A? Protect Chimney
Cave (HO 1.2.2 3 SE NPS "
A3 Protect Harvel
Cave (Mo} 1.2,2 3 HDC .
Sm "
A6 Acqui re Tobaceo
port Cave (TN) 1.2.2.1 4 SE
IRealty |TWRA “
A? Protect O d
Indian Cave (IL) |1.2.2 4 SE FL(DNR "
A6 Acquire Santa (AL) |1.2.2.1 4 "
A6 Acquire Raltpeter
cave (HO 1.2.2,1 3 SE "
IRealty |usvs
A6 Acquire Haves
, Cave (M0) 1.2.2.1 3 SE l
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. GENERAL | PLAN TASK TASK PIJORITY FTASK RESPONSIBLE AGENEY FISCAL YEAR COSTS (EST.) [ JOMMENTS
CATEGORY | ! IDURATI ON [ Fws ' OTHER . NOTES
REGION JPROGRAM FY 80 FY 81 FY 82
A? Protect White See
Buis Cave (TN) y 10202 4 SE TWRA Appgnd[x 1) §
A6 Acquire Overstreet Y
Cave (KY) 1.2.2.1 4 SE :
Realty |KNPC | "
A6 Acqul e Bat
cave (M0) 1.2.2.1 3 se
Realty HDC "
A3 Protect Tumbling
Creek Cave (M) 1.2.2 3 ouL, . "
A3 Protect Bellany
A6 Acquire Judges |
Cave (FL) 1.2.2.1 4 SE
Realty |FL "
A3 Protect WNlecka-
j.Ck Cave (TN) 1.2.2 4 TWRA
TVA "
A6 Acqul rc Bone
Cave (AK) 1.2.2.1 4 SE "
Realty |AGFc
A3 Protect Beck
Cave (MO 1.2.2 3 USACE "
A6 Acqulrc Ctlppa
Mt1l Cave (TN) 1.2.2.1 4 se
Realty |TWRA "
<A1 Protect Caks "
Cave (TN) 1.2,2 4 SE TWRA
A6 Acquire Chrisman's
Cave (KY) le2.2.1 4 se "
T ‘ - Realty [KNPC . .



. GENERAL | PLAN TASK -- |TASK PRJORTTY JTASK RESPONSIBLE AGENCY FISCAL YEAR COSTS (EST.) [COMMENTS
CATEGORY ! [ DURATION | FWS JTHER NOTES
REGION_| PROGRAM rY 80 reer | ory ez
A3 Protect Roaring ' jee
Springe Cave (40) J1.2.2 1 3 4DC ippendix VI
A3 Protect Garomes
Cave (FL) 1.2.2 1 4 FL "
A? Prot ect Key Cave .
(AL) 1.2.2 1 4 SKE TWRA
[VA "
A6 acquire Logan
Cave (Ax) 1.2.2.1 |1 4 SE
Realty |AGrC "
A? Protect Moles
Cave (HO 1.2.2 |1 3 sE MDC . "
A6 Acquire Indian
Cave (TN) 1.2.2.1 |t 4 se
Realty | TWRA "
A6 Acquire Cool
Springs Cave (KY) |1-2.2.1 |1 4 Realty |mwpe "
A? Protect Girards ,
Cave (FL) 1.2.2 1 4 sK FL "
A6 Acquire Cave
Springs cave (AL) [1.2.2.1 |1 4 "
A6 Acquire Inca Cave
(M0) 1.2.2.1 |1 3 MDC "
A6 Acquire Hol land
Cave (KY) 1.2.2.1 |1 4 Realty |mvec "
A6 Acquire Cave
Springs (IL) 1.2.2.1 |1 3 Realty |IL
USPS "
A3 Protect Mambrick o "
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GENERAL [ PLAN TASK frask PMTRI‘I‘Y FASK RESPONSIBLE AGENCY FI SCAL YEAR COSTS (EST.) [COMMENTS
CATEGORY ! [ JURATION jFWS OTHER NOTES
REGION JPROGRAM ¥Y 30 rn 381 80y 1)k
At Protect 8sndars See
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STATUS, CAUSES OF DECLINE, AND MANAGEMENT (OF ENDANGERED GRAY BATS

MERLIN D. TUITLE, Vertebrate Division, M| waukee Public Museum, Milwaukee, WI 53233

Abstract: Twenty-two e OO colonies of the endangered gray bat, Myotisgrise-
scens, were censused | N 1968~70 and 1976. A conservative estimate reveal ed a
542 decline inthat timepcridanda 762 decline from known part maximum

popul ation levels. A strong assoclatiom between declineanddisturbance b y
people in caves was observed. SONME mMajor colonies disappeared entirely within
the 6~year period. Graybatsarerestricted to cave8 year arond and, due to
specific temperature and foraging habitat requirements,teyaggregate in

large colonies in fever than 52 of available caves. Management requiresth at
the O known hibernation cave8 receive immediate protection, followed by protec=
tion of the most important summer cavesused by bat 8 from each protected winter
cave, Adequate protection may prove impossible unless acconpani ed by public
education. Eavironmental disturbances such as pesticides contamination, water
pol [ ution and siltatiom, and deforestation may pose serious threat8 and require
further iavestigation.

J. WILDL. MANAGE. 43(1):1-17

Popul ati on8 of some North American insectivorousbat8 e cknown to have declined
parkedly i N many areas over tepast 20 years Or more (Mohr 1952, 1953, 1972, 1975,
Cockrum 1970)(C Jones 1971 and J.5 Findiey 1973, in unpublished reports)
-The causes ® nd rates Or extent of declime rarely are well documented. Quanti-
fication of decline £s hangered by the difficultycfsaccurateiy zeasusing lerge
popul ati on8 (Davis et al. 1962) and by ttevaristion anong techniques used by
different investigators {Humphrey 1971), even for the same populations. The
probl em of determiningcauses is complicatec by the fact tbut population’ trends
and causes Of declines may vary greatly ssocg species, ever within a single

| ocal ity (Cockrum 1970, ¥ohr 1972). But the primary impediment t0 understanding
cause and effect relationskips irthat iccal novenent psetterms, | ocati on8 of
alternate roosting sizes, and seasonal bebavior generally are poorly kaown.

In thispaper, I present myobservations on the decline of (gray bats, discuss
sowe Of the problems eamcountered in evaluating the statusof hat populstione,
poiat out | MMEdi at € management needz, a N d sugzest areas of concern that require
additionsl investigstion., Although gray bat populations have declined alarmingly
in parts Of their range (Barbour and Davis 1949), mcst reports of colony locations
provide |ittle moTe tham vVague estimatesofmumbers (Hall and Wilsea 1966) and
are of minimal value:n estimating populatiovntrends. In the present analysis

I restricted oyself to a representative sample of zy most intensively studied
localities in Alabama and Tennessee.local movemert patterns, locations Of
alternate movement patterns, locatioms of al t ernate roosts, and seasonal be-
havior are wnusuaily well documented at these localities (Tuttle 1975, 1976a,d,
Tuttle and Stevenson 1977), and censusing techni ques have been consistent
throughout.
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METHODS

Bat Popul ati on Estimates

Estimates Of past and present populatiomsofgray bats were made in nmore than
" 106 caves inlate July and early August from 1968 to 1970. During 3 weeks

from28 July to 17 August 1976, I resurveyed 22 ofthe summer col onies thatin

1968-70 had shown the | east decline fromtheir prior peak popul ation sizes.

Popul ation estimtes were based on the area of stained cave ceiling, area
covered by the extsting colony, and area covered by old versus new guano de-

. posits. Length and width of each part of irregular shaped roosts Or diameters

- of round roosts (or guano deposits) were measured with aSO-ft steel tape, and

“ these neasurements wereused for calculation ofthe nunber of square meters
covered by roosting bats. Only well-defined, clearly reddened areas of Stain-
ing were included i N measurements of roosts, and guano was measured only to
the edge of accumulationsthat slearly were dropped by roosting bats. I care-
fully avoi ded measuring areas around old guano piles that appeared to bethe
result of out ward spread of steeply conical -shaped deposits.

In all calculations of colony size | assumed the nmean clustering density tobe
1,828/m? (Tuttle 1975), nultiplied thisdensity estimate times the number of
squar e meters estimated to have been covered by roosting bats,and rounded to
the nearest hundred. Although densizy of roosting bats varied among col onies,
due to differences inmroost texture and configuration, it appeared to vary
only slightly within individual ecoloaies, regardiws of changes ia col ony

size. Consequently, variation in clustering density is assumed to*have had
mnimal effect in biasing estimates of popul ation trendswi thin col onies over
tine.

The largest pastcolony sire achieved in a given cave was caleulated from the
area of staining on the roost surfaceor,ina fewinstances, from thearea
covered by ol d guano deposits.. BRoost Staining on cave ceilings apparently re=



quires NANYy yearsaad may not occur at all in a few caves. Ia such caves I
vas forced to rely ON measurementofol d guano deposSitsS. Because guano falls
directly to the floor beneath clustered bats this measurenent provided a good
alternate estimate. For the same reason, the area covered bynewguanoprovided
a good indicationm of sizeof extant col onies 1a 1968-70 and agai n im 1976.

Vi sual observations Of clustered bats were often used to verify conclusions
regarding roosting configuration @ rui deasity but only twiCce were they used
asthebasisfor final estimates of popul ation size.

The classification ofguano as newor old was made as fol lows. Guano deposited
during the current season i S recognized by a conbination of factors such as
kind and stage of growth of associated fungi,general noisture content, appear -
ance and odor of theguano, Kkinds and life stages of invertebrates present,
stage ofdecay ofdead young bats, and amounts of guano renoved by streans
known to undergo seasonal £fluctuation.

Di sturbances by Humans

Prequency Of hunman disturbance was estimated foreach roosting area based on a
combination of landowner and local caver observations, and ON my own verifica-.
tiont hrough evi dence seemneartheroosts. | lunmped nuneric disturbance esti~
mates | N O categories of rare (1 distrubance or less/2-month period), infrequent
(1/month), moderate (2-4/momth), and frequent (nore than 5/month),and these
were compared t O cal cul ated rates of decline in theperid 21870~76.

The direct impact of distrubance is difficult to evaluate. Bare and frequent

di sturbance categories were easily assi gned, but the moderste and i nfrequent
categories were, at best, only spproximations. Furthernore, even absol ute know=
| edge of disturbance Z2reguencyis NOt necessarily an adequate indication of dis-
turbance intepsity. Impcrtantdezermlnantsof intensityinclude (1) seasonal
ané daily lIMING of disturbance, (2) heightofr 00StS sbove cave flsor or vater,
(3] nearness of rocsts tCc the most heavily expl ored passageg, (&) presence of
alternate, | eSS accessible roosats witain tha cave, (S) | ength ef disturbance.
and {6) kind of distusbance, i.e,, 0 22N 542 < O+¢+ vandaiistic.

I sssumed t hat toot disturdames occurred im the daytime when it would be most
damszing, Since al | caves censused vare used hy bhetaglmost eiclusively from
April through October, human visitatiom in Ot her monthe was considered {0 be of
little or NO conmsequence., DBat coloniesthat roosted high abovezave f| oors or
beyond deep vatcr or nuddy or dangerous passages were least disturbed by indi-
vi dual humanvisizs. The average | ength of LIME of discurhences coul d not be
determined, but evi dence of vandalism in the form of sticks, rocks, fireworks
£ragnents, spentshotgm and rifl e cartri dges onguano pilee, snoke stainson
ceilings, and dead bats often proviced cluestothe kinds ofdisturbance. My
esthete of disturbance frequency represeat disturbance at or cearroosts
rathar thae including every human visittoanypart of a cave. Even so, I
could not quantify the effect of vardalism or hei ght above fl oor.



RESULTS

The estimted nmaxi num past popul ation forthe 22 localitiw censused M5
1,199,000, By 1970 nunbers had dimnished to 635,700, a 47% reduction, and -
just' 6 years thereafter the combined popul ation had fallen to 293,600, an

addi tional 54% reduction (Table 1).

In 1970, 7 colonies werestill as large as their all-time past naxinuns; how
ever, Dy 1976 this number was reduced to 4. The largest maternity colony in
the stable category 4a 1970 (popul ation of 111,400 in cave 19) had declined by
at least 952 by 1976. \Mereas thiscave housed the |argest gray bat maternity
col ony known anywherewithinthe entire species range fa 1970, and was used
continuously fromearly April through Cctober, in 1976 not nore than 6,000 gray
bats visited thecave at any time,and none used the cave for nore thaa a few
daysin succession.

From 1970 to 1976 evidence of hunan disturbance, and especially vandalism ia=
creased markedly. Whenestimates of disturbance are conpared vith those of
percentage declines by locality (Table 1), it is clear that nean rates of dis-
turbance and decline are related. Nevertheless, the unexpectedly small decline
in cave 11 and the considerable reductions that occurred in caves 6, 7, 10, and
17, for exanple, may indicate the existence of fetorsin addition to di sturbance.

Colonies in caves 20 to 22 were exceptional because their marked dc-lines nay
have been caused primarily by single events. Cave?20,according to the owner,
had beenvisited by a group ofteenage boys whe shot |arge nunbers of bats at
their roosts and during evening enmergence, Mamyspentcartridges in the cave
verified the report. Caves 21 and 22 had been gated for protection of bats,
but their colonies refused to return due toinadequate gate designs (Tuttle
1977) and are feared| ost.

Reduction i n the nunber ofindividuals in acolony canhave an effect wvhich
bringsabout further decline ia nunbers. Thermoregulatory requirenents may
rwult in a baseline populationsize, varyiag anong caves ofdifferent tenper
atures or cei | i ng econfigurations, below which a maternity colony cannot success-
fully rear young (Constantine 1967, Tuttle 1975). Colonies in S caves (Table
1) changed from materaity t o bachelor status from 1970 to 1976. Four of those
had undergone najor popul ation decline (43-952) during those years. This pre=
oblem is agg=avated by the colder nature of t he secondary roosts to which t he
bats retreated to escape disturbance. The inplications of theseeffects are

of great concern. Due to the long lifwpan ofadults, colonies nay appear to
be relatively stable forseveral years, even afser young are no longersuccess-
fully reared. Extinction of such seemingly stable colonies could then occur
rapidly whea the adults reached theendof their life span.

DI SCUSSI ON
Censusiag Probl ens

Although a variety of different censusing techniques has been used by other
i nvestigators (Hunphrey 1971), none is suitabl e forlarge-scale censusing of



Table 1. Census data from 22 summer gray bat colonies subject to different degrees of
digturbance by humans during Aprilthrough August.

Cave nunber0 Number of gray bats % popul ation decrease
by disturbance Maximum From max. 1968-70 Tot al
cat o WOOm pm 1968 1968-70 1976 to_1968-70 to 1976 nmex. - 1976
<1 per nont h
12 20, 400 10, 200 10,200 o) 0 S0
2¢ 7,800 6, 100 6, 200 22 0
3c o 4,000 3,900 4,000 2 0 210
4¢ 12,200 12,200 12,200 0 0 0
58 29, 800 19, 000 18, 700 36 2 37
6¢ 17,700 10,000 8, 000 44 20 SS
7a 112,200 12,200 9, 700 0 21 21
1 per momth
as 25,500 10, 200 6, SO0 60 36 74
9a 36, 700 15,600 9, 200 57 41 7s
108 46, 200 46, 200 18, 900 0 59 59
2=4 per nonth
116 219, 400 174,700 127,500 20 27 42
12b 121,200 32, SQ0 18, 500 73 43 89
13c 23,800 12,200 6, 100 49 S0 74
143 19,106 19, 100 8,700 0 55 Ss
15b 126, 400 26, 200 9, 100 79 65 93
163 31,100 31,100 9,000 0 71 71
17¢ 12, 800 9, 400 0 27 100 ° i 100
‘__2_5 per month
18¢ 127 ,50C 28,600 4,100 78 86 97
19b 111, 406 111, 400 5, 100 0 9s 9s
20b 15,60C 13,600 1,900 13 86 88
Gat ed- 1968
218 132,600 10, 900 0 92 ic0 100
228 45,600 20, 400 0 55 100 100

Totals 1,199,000 635, 000 293,600 47 b 76

0 VSNOBE site.
PMaternity site in 1968, bachelor site in 1976.
€Bachelor Site.
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gray bats. Energence counts, including those incorporating photography, are
not feasible due tofactors such as demse surrounding vegetationat some sites
and nultiple cave entrances at others, and are ofnovalue in determ ning past
popul ati on sizes. Techni ques requiring direct observation of bats attheir
roosts mustbe restricted to daytime during the maternity period inorder to
find maximum or even constant numbers of bats I n a singlecave, thereby causing
maj or di sturbance and mortality of flightless young. Amethed whereby only the
young were observed after the adults emerged to feed at night, combi ned with
entrance trappi ng, was used by Tuttle (1975) and rwulted in mninmal distur=
bance. However, that method istime consuming, useful only during June, pre=
vides no neans of conpari n% past versus prwent popul ation sizes, andstill
causes more di sturbance than the techniques wed in thepresent st udy.

Timng of censusesis inportant. Mostsummer col oniw Of gray batsuse several

different caves in ahome range area whi ch may beas muchas SO ka |ong, and

they may Ooccupy asuccession ofseveral caves through 1 season. This normal

novenent among caves nakes cemsusing difficult and requires a prior familiarity
with each colony’s normal preferences and tinming and patterns of novenent.

These novenents have .been documented in prior (Tuttle1976a) and continuing

st udi es of 40,182 banded gray bats f rom t hwe and adj acent col oni es.

Maximum concentration of a gray bat col ony takes place during June when young
are reaede Agradual breakup of colonies and novenent amongal ternate caves
oftencveeurs by late July orearly August (Tuttle 1975, 1976a). Censuses con-
ducted in April or May usuwallyincludeonly afraction ofa given colony and
m ght cause abandonment of preferred roosts. Those made in June orearly July
entail some |evel of disturbance of maternity groups. Al though col ony breakup
often al ready had occurred or was in progress by late July and early August,
sanpling was done then to avoid needl ess disturbance during critical' periods,
“.while still sampling the peak popul ation for the year. Use ofareas ofstained
= ceiling and of old versus new guano deposits minimized t he prblems posed by
- disturbance orcolony breakup, because in most caves it wvas unnecessary to see
the bats. Censusing | ater than m d- August is inadvisable due to potenti al
| oss of evi dence such as new guano (through flooding) orfungal growth.

Because entire colonies of gray bats, including reproductive females and bach-
el or groups (adult males and nonreproductive females), often aggregate in a
single cluster inmaternity caves justbefore parturition or following fledging
of young, ny censusesof maternity caves often represent entire colonies.On
the other hand, ceasuses in bachel or caves frequently do not. Nevertheless,
caves chose for thisanalysisall appeared to be essential focal poi nts of
activity for their colonies, and fluctuations of numbers in these caves shoul d
indicated Changes over tine fortheir respective colonies.

An additional census variable is that colonies often move among several alter
nate roosts within a single cave at 10=tlé=-day intervals w thin aseason,
except when flightless young are presemt. Forthis reason it is not accurate
to measure and combine all areas Of recent guanowithimevenl cave. Instead,
tnamaternity cave I located and neasured the materazty roost only, ignoring
the smaller nonmateraity roosts. Maternity roosts vere recognizable, almost
wi thout exception bythe presence ofatleast afwdead young and unusually
| arge nunbers of mites
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that result from long, conti nuow use of a single roost. In caves used only by
bachel or segments of coloniw, | sinply nmeasured either the |argest stained area
or gusmo deposit, or wed the average of several that ware of similar size but
of varied shape.

Simultaneous We of 2 Or more roosts | N a singlecave M uncommon but nost
likely to occur where col oniw were | arge orwhere suitable roosting surface
was limited inany 1 place. Such behavior was easily detectabl e through obser=
ration of guano decomposition and associ ated fungal and invertebrate faunal im-
dications, and inthese cases the different areaswere conbi ned. Thi s probl em
had negli gi bl e effect on the estimates of 1970 or 1976 populations. For esti-
mates of past populations it was | NposSSible to detect simulataneous we of
multiple roosts 4masingle cave. Bias of this kindundoubtedly |led to under
estimation of pat popul ati on maxi ma.

Another source for underestimatiom of past population figures lies in the ease
Wi th which even sizeable guano piles are made unrecognizable. 1T @ xsmples of
t he possibl e extentof past popul ation underestimation due to this bias were
observed.

Paul B.Robertson and | measured areas covered by old and new guano incave 18
on 10 July 1968 and found a single deposit 12.2 = long by 10.7 m wide and 2.4
= deep, giving an esti mat e of past colony Si ze of 238,600. Bowever, due to
thepossibility that 2 adjacent roosts were used alternately to produce the
| arge areaof guano observed in 1968, I later averaged our 1968 measurements
for 3 differentroostsin this ecave, arriving at afigure of 127,500. By July
1976 this deposit was virtually unrecognizable due to heavy traffic by spel unkers.
The guano had been scattered, compact ® d , and covered with clay carried over the
surface by muddy feet. For unknown reasons, ceilings where bats roosted were
never stainedcl early, so if | had not visited this cave iz 1968 and earlier |
woul d have suspected a past colony size of nonore than 30,000. Nevertheless,
careful recent cbservations at cave 19 indicate that even the figure of 238,600
for past size cculd be a considerable estimate.

Incave 19, from 1969 to 1970 messurement Oof recent guano and direct observa=
tlon of the bats indicated that, duri ng periods of maxi num we, the cave housed
111,400 or more gray bets. TYet 'by 1976 tals cave was used :infrequently by small,
transi ent bachel or groups, and suck evideace of past we had been obliterated

by flooding reservoiz water and by the nuddy £eetof spel unkers. Additionally,

in this cave there were S distiact roosting areas, and during its period of max=
isam we all Sroosts’ and nmuch areabetween t hem werebeing wed simultaneously.
Wicbout prior kxopowledge, Only 1 rocst would have been counted, |eading toan
underestimate of Toughly 80%

Athird source of past population undereszimation results from the slownecs of
the reost staining pr ocess. In S other casts where colonies were stable or
growing and roost staining was distinct enough to permitreliable conpari sons
between area of staining audares covered by bate Or Dy new guano, the 1970

col ony sites averaged 11% (range 7 to 17%) larger than t he maximum area of r oost
staining woald have indicated.
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I n summary, the varied, unavoi dable blasts di scussed above all tended to obsure
rather than accentvate detection of decline over tinme. O her potential problens,
such as inaccuracies involving estimation of areas covered byirregularly shaped
roosts or of mean clustering density, could have biased ny estimates equally in
either direction in any given cave. Since these probl aus appeared to remain
constant i n most caves, | believe that they have caused negligible errorin ny
concl usi ons.

causes of Decline

The gray bat la, perhaps, thenpst mnarrowly restricted to cave habitats of any
U. S. mammal (Hall and W/ SoOn 1966, Barbour and Davis 1969, Tuttle 1976a).
Wth rare exception (Rays and Bingham 1964, Guaier and El der 1971) 4t lives in
caves year-round. | N sumer, gray bats select only a few caves, which must he
| ocated near (rarely nmore than 2 kmand usually less than 1 kmfrom rivers or
reservoirs (Tuttle 1976b) and provide certain tenperature or roost conditions
(Tuttle 1975). They hibernate in deep, vertical caves of uccptlonally |ow
(6-11 C) temperature (Tuttle and St evenson 1978), and often travel hundreds of
kilometersin orderto reach these scarce sites (Tuttle 1976a)s As a conse=-
quence Of their conbined therwrtgulatory and ot her habitat requirements, gray
bats congregate in larger numbers and in fever hibernating caves thar anv other
North Anerican vespertiliemid. 'This concentration Of such al arge propsrtica
of the known population into so few caves constitutes the real threatto their
survival” (Mohr 1972).

Inthe presentanal ysis | completely ignored caves where the greatest reductions
already had occurred orwere clearly in progress I n 1970, concentrating only on
t hose col onies which appeared rtablc enough in 1968 to 1970towarrant further
attention. Consequently, itis irrportant tonote that this report 1sonthe
status of gray bats emly in the 'healthiest' sumrer colonies of gray bats that
were known to me in 1970, in the area ofgray bat distriduriom south of Kentucky
and east of the Mississippi River. Itis probably, therefore a gross underes=
timate of true popul ation losses.

Disturbance and Vandalism ==In a brief plea forbat conservation, Maaville
(1962) not ed the extreme vulnerability of the gray bat to human disturbance

and vandal i sm and Barbour and Davis (1969) pointed out that 'in the last few
years hunman disturbance has threatened the very existense of the species.’ They
concluded that . . .M. grisescens i s destined to continue a rapid decline in
nunbers and probably faces extinction. In the course of ny field studies of
this species from1960 to 1970, | noted nunerous examplesoflocal gray bat
extirpation throughout the southeast both as a resuit of apparently innocent

di sturbance and of direct, intentional vandalism

In 2 summer caves ia Tennessee, for exanple, | estinated that approximtely
baif a million gray bats al ready had been lostprior to 1960. In 1 case the
owner Of a commercialized cave personally described to ae how be and his assis-
tants had killed bats Wi th torches. In the other cave, ceilings were too high
to permt nuch direct destruction, but the bats apparently were’driven out
sinply by the high frequency of human visitation. Already, ia 1968, gray bats
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were gone from many and possibly nost of their previously occupied cavesin
Tennessee. The largest remaining summer colony in the state (cave 10) numbered
only about 46,000 and was down to roughly 19,000 by 1976.

During the 1960's old-timers frequently enj oyed telling me that when they were
children, bats emerged from | ocal, caves in great Cl ouds and that they kil l ed
the energing bats with witches,jUSt for fun. Bats frequently were caught St
roosts in caves, tobeused in | ocal pranks. Al so, due t0 premature, erroneous
clainms from |ocal health authorities (Fredrickson and Thomas 1965), sone cave
owners tried t 0O exterminate entire colonies on their properties. An elderly
man Who had owned cave number 1 for many years told me that rabies researchers
i nformed hi m that his hats were rabid and wouldtransmt the disease tohis
cattle if he di d not get rid of t hem  Consequent|y, he poured fueloil into
the cave where the bats roosted e ud 1it it. Most of the col ony apparently
escaped, and since ny first contact withthis|andowner in 1968, these bats
have received strict protection and have remmined stable in numbers,

A8 these account8 denonstrate, 4t was apparent prior to my 1976 investigations
that human disturbancewas often a primary cause of graybatdecline. Never
theless, no one had attemptedto quantify a cause and effect relatiomship, and
other sources Of stress Were unknown. The relationship between frequency of
di sturbance and meanraterof decline found in this investigatioa is obvi ous.
The 2 nost heavily disturbed caves |ost of 902 of their hats while 5 colonies
I N rarely di sturbed caves remai ned stable or nearly stable. Nevert hel ess,
consi derable variati on existed within some classes of disturbance.

The most extreme variation (caves 11 and 17) appears upl ai nabl ¢ based on cave
size and contours and location ofroosts. |In cave 11,bats roosted approxi-
mately 15 m above the floor over an area Of large guano-covered boul ders that
appeared to keep most spelunkers from getting elese to t he bats. Aproachl ng
cavers did not startle the bats and usually kept at least 5¢ a away from t hem
The disturbences, whil e of moderate frequency, werenotintense.

Cave 17 1llustzates t' he opposite extreme, where nearly every disturbince was
intense. The bats roosted only 10¢ a {nsidezhat mmene= o rd 2 m above, =zhe floor
where anyone exploring the cave passed by closely. Bats could mot detect im
truders unti| the intruders rounded s nearby cornmer. The roost was lozated
over water deeg enough to érown fallen young and possi bly some adults, but UOt
enough to deter cavers. Fuorthermore, SUCh 8 ro00St was especially vulnerable

t 0 intentional vandglism.

Much Of the remaning variation within disturbance categories (Table 1) could
heve resulted from faiZure to quantify intensity of disturbance. Single acts
of destruction couid great|ly alter sverage tremde. Also, I probably erred
occasionally, especially in the 2 intermediate categories, in estimating fre-
quency Of disturbances.

Emigration to Qther Caves.—~Cavers and others often have speculated that'vhen
bats abandon onecave, they nove toanot her previously unoccupied cave. BHow-
ever, this rarely occurs. G ay bit colonies are extremely loyal to Si ngl e

caves or groups of caves (Tutt| e 1976a) and usually have envirommentaliy |inited
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ability to move t0 alternate caves for the rearing of young, even withia their
owvn home range. They require cavesof specific roost and tenperature condi=

fl ow and materaity colonies art found only in caves that areneara river or
reservoir,

Any cave that s used only as an alternate, transitory roosting pl ace undoubt -
edl y receives such limited use for agood reason. Sone essential conditionis
not continuously met, or the cave IS t00 heavily disturbed. Consequently, only
a small proportion Of the caves iNn any area are Or can be used regularly. 1In
Al abana, for example,although 1,635 caves had been mapped by 1975 (Varnedoe
1973, 1975), only 39 (2.4% were known to have sheltered even small summer col-
onlesof gray bats. Two more (0.1% vtrt used for wiater hi bernation. These
figure8 art theresultofny owa survey8 conbined with assistance from menbers
Of the Buntsville @ ud other Alablama grotto8 of the National Speltol ogical
Society. Even if these figures were doubled, 95Zof Alabama's caves woul d not
have Dttn used by gray bats.

This species probably occupied all suitable caves withinitS range long before
the arrival of modern man. | N suppport of this belief, | have NOt observedthe
establishment of a Single new colony i{a a previously unused cave in 17 years Of
work i N more than 200 southeastern caves. Graybats readily col onize newy

- available sites SuCh as storm severs and abani .ued. »nes when these sites pro-
vide required conditions (Hays and Bingham 1964, uutt.e, unpublished data).
Any cave not already used by gray bats, however, should be assumed t0 be un-
suitable for future use, Such caves probably do nof provide essential temper-
aturt orroosting conditions, art too distantfromacceptabl e foraging or hiber=
ernating sites, or art toovulnerable to predation or £flooding. others that

. have been used butthatare now abandoned may be recol oni zed. Priortoany
reuse, hovtvtr, these caves woul d have to rectlvt seriet protection from huzan
di sturbance or other esvirommental perturbations which caused their abandonment.

- Although approxi mately 23,000 'banded gray tats havt beenrecaptured during ny
studies, | have found no evi dence of successful em gration by nenbers of deeclin=
iag colonies tO previously unoccupied cavesOrt 0 Caves outside the colony'8
originally occupied hone range (Tuttle 1976a). Rear cave 19, where some 111,000
gray bats disappeared in only 6 years, I censused 3 other caves that were used
by gray bats withim a 30 km radius and found decliner in all 3. Cave 11,
| ocated only 20 km away 48 known t 0 serve as the prinmary roosting place for the
bachel or segment of this colony, yet even thtrt oumbers fell by 27Z. There is .
NO evidencethatany nearbycave sheltered am increased nunber of bats follow ng
human vandalism and di sturbance incave 19.

Further studies Of lomg-term change8 inrel ative recapture rates amongcolony
cohort8 at winter hibernating sites have shsd additiomal light on this subject.
Over the past 9 years the cave 19 cohort (X = 1,274) hat showe & greater decline
(P < 0.01) than the cohort (¥ = 5,713) inthe stable cave 4 eclony (Stevenson
and Tattle, In prep). Based onthis and additional winter band recovery data
fromt ht other localities, | Dt|itvt thatfsw declines noted in this study can
beattributed to sinple emigratioam.

Envirommental Disturbances.—I hoped not only to qﬁnntify the rel ationship be=
tween i St urbance anddecline,but also to defect additional £factors. The
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very large proportion of graybat decline that appears to be directly attribut-
ablet 0 human di st urbance rendersdetection of ot her potential probl ens extremely
difficult. The fact that 5 of 7 rartly disturbed colonlts remained essentially
stabl e over the part 6 years certainly is encouragi ng vhem ont considers tht
potential for recovery 1f human di sturbance can bt controlled. Unexplained
dtclints of roughly 20%2 in caves 6 and 7 and the relatively high loss in cave

10, however,may i ndi cate stressful influence from other sources as well.

The possible influence of pesticides in causing decline of North American pop-
ulations of inseectivorous Dats has beea reported (Mohr 1972, Reidinger 1972,
1976, Qark and Prouty 1976, Gelusoet al. 1976), and a receat study has docu-
mented mortality and probable population dtclint in gray batsresultingfrom
routi ne insecticide usage(Clarketal. 1978). Clearly, further investigation
is needed. Donald Clark has recei ved and is currently analyzing samples (f
gmno fromeach of tht 22 caves censured in this study. Bs initial results
(pers. comm.) suggest considerable variation among | ocalities, withl evels of
PCB, DDD, DE, heptachlor epoxide,or lead e t possibly dangerous levels in the
guano f I OM several caves.,

A furthtr possible cause of dtcllint may involve other chemical pollution or
Siltation of waterways over Whi ch gray hats forage. Al though studies of speci-
~fit prey preferences-are:not yet complete, gray bats art known te forage pri-
marily OVer rivers, streams, and reservoirs (Tuttle 1976a,b, LaValet al. (1977)
vhere, among other i NSects, thty consume | argt nunbers of mayflies (Tuttle 1976b,
Tuttle, Stevenson, and Rabimowitz, in prep.). Mayflies art thought to be quite
sensitive t 0 aquatic pollution. Through broad areas of their former habitat,
they have bttn virtually elininated, and theyart now rare ia other areas of
former abundance (Fremling 1968). Cearly, such decliner couldprove disastrous
for predators that depend upon them as a& major food sourze.

| have found f ew ohservations on t Nt potential effects Of siltacion.Carlander
et al. (1967) seemed to believe that at least some siltation benefited nymphs
Oftht 2 speciesof mayflies { hat they studied, but other species apparently
art unable t O survive where the SubStrate consists of mud or silt (Lyman 1943,
Minshall 1967). At leastinareas Surrroundl ng tht Cumberland Plateau in
Kentucky and Tennesses, recent increases in Strip mning have produced levels
of siltation whieh could have extreme and far-reaching effectson aquatic

biota and enusequentlyonthe f wuture survivalofanygray bets |iving al ong
affected wvatervays. None Of the 5 zolonies that renai ned relszively stable
between 1970 and 1976 foraged over heavily siltsd waterways. One that did
(from cave 20) declined markedly, but vandalism was SO intemse thtrt that it
alonemay have ® c6euuttd fot che 86% | 0sS.  Prublems i nvol ving the effects of
both chemical and silt pollution on tht @ @B @XI) insectsuponwhich gray batt
depend neeé more investigatiou.

Additional |y, deforestation Of areas nttr csve entrances and betweem caves and
rivers or reservoirs vhtrt gray bats feed nmay have affected them detrimentally.
I n brief, perhaps eritical, periods during excestionally col d spring weather |
bave observed that gray bats sometimes appear to |init =mush of thedr foraging
activities t 0 forested areas neartheir caves. Also, during evening emergence,
gray bats usually fiy in tht protection of forest canopy ea route to rivers or
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reservoirs where t hey feed (Tuttly 1976b). | repeatedly have observed gray
bats traveling considerably out of their vay in orderto takt advantage of
even scattered trees along a fencerow. ‘I al SO hart seen screech owls cap
turing energing gray bats and have observed that these owlshave much grtattr
difficulty whea tht bats art abletotakt cover in the forest canopy.

Female gray bats product thtir 1styoung whea they are 2 yearsol d (Tuttle
1976a) and thereafter product only lperyear. Cearly, with such | ow zepro~
ductivt rates, even slight imcreases in predation could prove significant.
Young gray batsart slow and clunsy fliers during their 1st week of flight, and
at caves surrounded by forest, thty often spendseveral nights foraging in tht
forest bef ore venturing f at her away. The trees provide couvenient resti ng
places for weak fliers and protection from predators and W Nd. Factors such
as & orestation may account for the factthat at least 2 colonies (caves 1
and 5)have markedly declined in tht past but stabilized at reduced sizes
recent|y. Deforestation, however, Cannot have caused losses since 1970 in the
22 caves studied because no maj or cutting of timber occurred near any oOf them
inthat ptriod.

Nat ural Calamities.=—Cave flooding is by far t he mosti nportant natural calam=
ity faced by gray bats, and it 18 beconi ng Incrtasigly i nportant as t hey re=-
treat farther back,into inaccessible places to avoi d human disturbance. Summer
colonie~. cfren retreat t 0 r00sts. over deep waterin order to avoid disturbance
by humans. > Iz SONE caves this is a successful avoidance Strategy, but in othtr8
such roosts become death traps during flooding.

An additiomal probl eminvol ves cave entrance closure. On rare occaslon8 cave- .
ins or gradual fill-in of sinkhele entrances reader a cave entrance or an im=
portant passage t00 small for a |arge colony to pass through without greatly
Incrtastd danger of predation. One Florida cave was abandoned by a large
maternity colony fcllowing the collapse Of thelargestofit8 3 entrances. No
ot her cause for the abandomment coul d bt found.

| npoundnent of Waterways.=——Gray bar: prtftrtnct f O caves near rivers has made
thtir roosts particularly vulnerable to i nundation by mas-made i npoundnents.
The inital effect of long-established i mpoundnents, such as the Teanessee
Valley Authority reservoir system, isdifficult toevaluate dut to a Lack of
prt-inpoundment data. Thelietle information available indicates that many
I mportant cavt8, and probably their bat populations, were extirpated. An
account Dy M'Murtrie (1874) describes a cave i N Alabama, since flooded bya
reservoir Whi ch was ' i nhabited by countless t housands of baes® and had guano
piles 4.5 m deep. Longtime residents have tol d me of nany Ot her such caves
now submerged. Timing Of the imital flooding may bt a critical factor im
vhether tht flooded populations art destroyed immeditaely.The bats’ strong
philopatry and narrow ecol ogi cal requirements, however, make survival of

di spl aced popul ation8 questionabl e even if they escape izitial destruction.

On the other hand, it was imtially suspected that reservoirs mi ght increase the
amount and qual ity Of fcraging habitat for colomies that survived (Tuttle 1976b).
Recent rtudles of gray bat foraging habitat and preypreference requirements
support anopposite comelusion, hovtvir (Tuttle, Stevensos and Rabimowitz, in
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prep.). Purthermore, recreational activity associated with reservoirs has
greatly increased t he mumber Of ptoplt visiting 'gray bat habitat, and many
caves formerly | ong distances from popul ati on ceaters and roads art now within
easy access by boat.

MANAGEMENT RECOMMENDATIONS

Priorities for Si t € Protection.~-Clearly, t he immediate objective nust be to
rtduct human disturbamce iz Occupi ed caves. Pirst, the locations of gray bat
caves must be made known to appropriate federal, state and private agencies
along with recommendations of options for protection. Locations of most (ray
bat Wi Nt ering ecaves are KNOWN to bat researchers, and many summer caves also
are known. Even thosenot yet kmowm tO rtstarchta art usually kmowa |ocally
to spelunkers. AcCCeSS to such |ocation lists, however, shoul d be severaly
restricted prior to protection Of tht eites.

Because resources art limited, there  USt be some systematic method of det er
miningpriorities for protection, I propose that as gfray bat caves become
known, they should bt designated according to tht follow ng categories: (1)
primary hibernating caves (those occupied now or in the pasc by acve than

50, 000 gray bats); (2) secondary hi bernating caves (those used by iessthan
50, 000); (3) primary maternity eaves (those occupi ed now or in the put by
50,000 or wmore gray bats; (4) secondary matermity caves (those presently oceu-
pitd by smaller colonies); (5) prinary bachelor caves (those used now or ia
tht pastbymore than 50,000 male and nonreproductive fennl e gray bats); (6)
secondary bachelor caves (those CONti NUi Ng tO be used by smaller groups); (7)
gray batcaves not included in the previous categories, such as caves which
receive only britf seasonal use by small nunmbers of grsy nets, and abendoned
csves which in the past based only sumall colonies. Bachelor csves Of t en
shel ter pregnaat and postlactating females as well as juveniles © X¢@xmM 3 before
or after themateznity Piriod i N June and may sometimes receive aslittle as
60 days of maj or use annually, Their transiezt use pattern does not rtduct
the {mportance oft heSe ecanves to t heir solomnies.

Ali caves i N categorian 1, 3, and ? suould receive immediate protecticm, With
those in categories 4 and 6 next ip line. Categories 2 ad 7 should receive
ccnsideration when posei bl t, espeeially in-marginal areas of tht speices’ rangt
wherz large colonies dn not exist. Fewcaves will bt included ia categories
i,3and S,aad Wt r sizeable geographic areasocutside Of Al abann and Tennessee
such i argt coisuies marnotoccur at all. Ia SUCh arees colcny sizes accorded
priozity Stat uS probabiy should be lowered t0 as few as 25,000 gray bate for
categoryl anti 10, 000 for categeries 3 and 5. Occupied CcaveS within a cacegory
should take priority over umoccupied cavts, and seme Caves used oaly briefly

by spring and fail migrants may elso bt critical. Individual Sunmer ecolomies
usually use, and may often r equi re, stviral different caves throughout a single
active Se ason., This permits adjustment fOr seasomally changing ttnptrature
requirements aS well as fOr more effcient exploitation of patchy food resources.
The above recommendationsare provi ded only as guidelines and are flexible.

There are only 9 caves known which fall in the first eatagory (50, 000 minimum
population), and thy are believed to contain roughly 95% of tht known species

’
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popul ation for half of eachyear. 1If gray bats are tosurvive, it isimpera-
tive that these caves De acquired and protected by federal, state or private
agencies . Wt hout such action al| other measures may prove meaningless.

A8 each primary hibernation populationis protected, a special effort shoul d be
made to identify aad protect the mosti mportant summer col onies, especially in
categories 3 and 5 of Which that population is conposed. Only such a syste=-
matie approach, which provider year-round protection, eam guarantee long=-tem
survival of the species. As a result Of extensive banding studies i n Missouri
(Myers 1964, Elder and Gunier 1978), Kentucky (Hall and W/ son 1966), and
Alabama, Florida, Tennessee and Virginia (Tuttle 1976s), nost geographic pat=-
terns of NDvement art relatively well knowm, making this approach ftasiblt.

For exanpl e, themostimportant hibernation poulation known,With itS complex

of associated summer colonies, is located in northeastern Alabama. Three caves
of this group all requireimmediate protecti on (caves 44, 45, and 50 in Tuttle
1976a; the 2 important Sunmer caves = &45and$0 = art numbered 11 and 19 {a
this paper). The hibernaculum contains bttvttn half and two-thirds of tht em=
tire known species populatiomeachvinttr, is privately owned, and i s threatened
increasingly by disturbance. Cave 19 recently has | ost nearlyallofits for
merely iargt eolony, and i N January of 1977 tht owner Of cave 11, the largest
sunmer col ony known anyvwhere, applied fOr federal and state permission for con-
struction OT amajor resort, trainm ridt, and trout hatchery in that cave. -Fol=
| owi ng state approval ofthe impectstatement, personnelintht Divisiom of
Forestry, Fisheries, and Wildlife Developement Of t Nt Tennessee Val |l ey Authority
using information ON file from Tuttle, recogni zed tht potential disaster and
notified proper authorities. Consequently, CONStruction in the cave was N td
and the U. s« Fish and wildlifeService started purchase negotiations that will
be completed in 1978.

Theloss Of atleast 106, 000 gray bats fromcave 19 and the near less Of 127, 000
1a cave 11 within 6 years illustrate tht needfor {mmediate acquisition and pro-
tection Of critical gray batcaves. Equally charis tht need forlncreaatd com=
munication among wembers Of tht National Speleological Society, bat researchers,
and federal, state ad private agenci eS. Manypotential probl em can be detec=-
ted and avoided omly through tht ki nd of {nformationm exchange and cooperation
that saved cave 11. ‘

Publ i ¢ Education.=—Govermment officials e f al| levelsshould be educat ed regard-
iag the ecological role Of bats. Many oOfficials, through txaggtrattd fear of
bats as distast wvectors, ftt| chat tht only good batis a dead bat. Disease
problems Shoul d be put in perssective and officials should bt informed, for
example, that tht graybats from ecave 11 alone consume NOre than 900 pounds of
insects nightly aed 80 tons annually.

Major ef f Ort s should be nmade to educate and gain the cooperation of |and-owners.
Many woul d cooperate if contacted by |ocal wildlife officials or conservation
?r_oups. Cave owners shoul d be provided with an official witten statement out-
i Nt ng the basicproblem,the potential value of havi ng tht hats, and federal
and St at € laws and penalties for di St ur bi ng them. Additionally, f ederal and
Sstat e agenci es should offer to post pri vat el y owned gray bat caves, as well as
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posting their own, with signs Driefly outlining reasousfor protection and
specific tinMes during which entry d4s prohibited. At summer caves, this ptriod
shoul d be 15 March through October, and atw nter eaves it should be 15 August
through April. Somt caves art inportant to gray bats oaly during migration,
and others, including some maternity caves arc used fOr 2 months Or |ess annu-
ally. These caves may not require such | ong periods of protection, but when

i n doubt the btst approach 1s to grant March to October protection. A few
caves must DE closed year-round.

Such procedures impress t he landowner that protecting bats is inportant enough
to warrant his participation and lets him'off thehook” wth neighbors and
others who mi ght otherwise think Of him a8 unfriendly. Also, informative
signs often elieit cooperation even from woul d-be vandals, especially if a
definate time ptri od is stipulated.

Met hods Of Protestion.——Some gates that were built to prottcf gray bats have
done more hamm than good (Tuttle 1977), and thi s continues t0 bt a major pro=-
lem. It isS difficult to construct vandal-resistant gates without restricting
tht frtt movement of bats or air. Gates should bt ustd oaly where other pro-
tective Measures art i nadequate to prevent disturbance. Unfortunately, many
caves cannot bt adequately-protected without fencer or gates.

For advi ce on where and how t0 construct gates versus fences for protection
of gray bat caves see Tuttle (1977). More investigation Of this problem is
needed, and inthe meantime N0 gates should bt built W t hout ecareful planning.
Fol | ow- up studies to evaluate success or failure and to permit changes,where
required, before critical 'population8 artdestroyed also art vital.

Progress [hUS Far.- Al though inproperly construsted gates have resulted in the

| 088 of several entire col onitsS, SONe sorrectly constructed gates have proven
successful i n protecting gray bat summer cclonies | n caves in Missouri and Okla-
homa (R. K. LaVal, pets. comm.). Aside from 3 lozationsin M ssouri, nost gray
bat winterirg sites have not yet received adequate protection, and rtvtrai have
lost a:1l or nost Of thtir omce | arge populations. Oue hibernaculum in Arkansas
has ken gst cd for 3 years , but has reseived no foilow—ap study to evsiuate the
gate's effz2ct (M. J. Barvey, pers. comm.). SUCh carelessness is potenzizlly
disastrous.

Since the gray bat was iisttd as endangered (Federal Regiszer, 28 April 1976),
encouraging progress hasbeen msde. The J. S. Fish and Wildlife Service is pur—
chasing the major gray bat hibermeting cave repcr:ed by Hall and Wilsou (1966)
in Kentucky as well as t he most fmpertact known sumser czve (wo. liir this
paver), zndis considering Ot her {mportant acquisitions (|i. W. Bemsom, ptrs.
com. ). It also has fenced and posted cave 15 Of this study onthe Wheeler
National ¥ildlife Refuge. During wt than 10 years of precipitous decline,
the fornerly |arge maternity colony in cave 15 had beea destroyed, and only a
transi ent bachelor remant of approximately 9,000 bats remmined. Follow ng
only2 years of strict protectionfrom human di st urbance, this col ony has now
returned to naternity status and has increased to morethan 19,000 bats.

The Division of Forestry, Fisheries, and Wildlife Development, Tennessee Val-
ley Authority, <s Supporting major investigations of habitat requirements and
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status Of gray bats i N areas under its jurisdiction, has fenced and posted 1
summer cave, and [a initiating efforts topost adotherwise protect several
other inportant eaves, including cave 19 of this study. The Army Corps of
Engineers Nt a gated 1 summer cave and haS femced another in Missouri, and has
funded research on habitat requirtnenta in thatarea.The Missourt Dt ptrtntnt
of Comservatiom in early 1977 hired Richard and Margaret lLaVal t O conduct
further investigations Of the atatua and management needs Of gray and |ndiana
bats (Myotis sodalis) i n Missouri and has acquired § gray bat caves With fur-
thur purohtata ant icipated.

St udi es Needed.—Gray bat seasonal habitat requirenents (Tuttle 1975,1976a,b,
LaValet al. 1977) and movement patterans (Myers 1964, Hall and Wilsom 1966,
Tuttle 1976a,Elder and Gunier 1978) art relatively well understood, and avail -
abl e informationis adtquttt tO permit management initiatives. Nevertheless,
® tVirPl areascequire further iavestigation., Especially in Arkansas, Kentucky,
Missouri and Oklahoma, wore i nformation on critical ecave locatioms, Status, and
recent and total declinesisneeded.

Throughout the range of gray bats,investigations Of thetfftcta of bumam en-
vironment al disturbanceare essential. The nDat important areas Of concern ia-
volve t hi potential tfftcta ofwater pollution and siltation on aquatic inseect
lift upon whach gsay bats depend, as well as those ofptatitidt contaminationm
and | ocal deforestacion. Foraging habitat and prey prtftrtncta are necessary
baseline data.

Guidelines for Researchers.-Plans for further studies raise the question Of
potential research-related di sturbance. Gay bats art especially vulnerable

to any disturbance during winter hibernation and immediately before and during
their maternity period. Because roughly 952 of all kmown Qgray bats are believed
to aggregate into omly9caves inwinter, it iS inportant that thtat caves not
bt disturbed unnecessarily., Major bandingofgray Dtta during winter hiberna=
tion should not be toltrattd under any eircumstances, and the frequency of all
unnatural arousal wmustbekept t0 a minimum. As ageneral rul e, disturbance Of
hi ber nati ng populations shoul d bt limitedto oace per tinter and totally avoided
except when essential for researsk purpoau.

Whenever possible, eatry i nt 0 maternity caves shoul d bt avoi ded from April
through at least mid-July. Research which demands visitation Of matermity
roosts during that ptriod nust be restrizted t 0 the lst hour follow ng the
evening departure Of adults t O feed. Gray bats art far more tolerant Of dir
turbance duringlate July and August than at any Ot her time during the active
attaon, andvhenever poaai blt, censusing and any otheractivities whi ch mi ght
ntceaaitatt sampling or visual cbservation atsummer I 0OaAt a should bt restrie-
ted to that period.

Preferably, nmajor summer sanpling of live bats shoul d be limited to trapping

Or mistnetting at cave entrances Of foragi ng areas. As lovg as whole cave
entrances art NOt bl ocked, and oaly asmall proportion of any given colory is
sanpl ed, such disturbamce | a negligible, assumng that traps Or gets art aever
left unattended and that this di sturbance 1s not rtptattd nightly. At all times
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t he use Of dim electriclights and avoi dance of unnecessary noi se greatly re-
duce disturbance. Lights that art adjustable for intensity art ideal. Also,
captured bats should not be crowded, left in potentially atrtaaful tanptraturta,
or restrained any longer than necessary.

When the above recommendations art combined With common sense and senmsitivity,
the negati ve effeats of research can be negligible. Even bandi ng, when re-
stricted to summer caves and careful use Of number 2 |ipptd bands Or size XCL
When harm does ocscur it is usually the result of aartltaa banding procedure or
| Nproper  handling.

CONCLUSI ONS

Al t hough recent decline Of gray bats has been prtcipitoua there is No rtaaon

t 0 believethat this trend cammot Dt reversed |f adequate measuresarttaken

to prevent human disturbance and vandalism. The rate of loss of major col oni es
and the rate of decline in general, however, demand thatactionbt imediate.
Once last, some colonies may be difficult oreven impossibletorttatabliah.
Efforts by eave owners, state and federal agenci es, private eavirommental groups,
National Speleological Soci ety members and researchers, and education of unor=
ganized cavers as well as the general public, will bde vital tothefutureof"
the species.
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APPENDI X ']
CAVE MANAGEMENT

Signs, fences, and gates maybe requiredt 0 reduce or eliminate hunan
disturbance at gray bat caves.

Signs

At a'cave which is infrequently visited, or easilyobservedby its
owner, a Sign alone nay be adequate to prevent disturbance. Under certain
circumstances, a sign mght call unnecessary attention to a cave, inwhich
case t he management agency m ght opt for placement of the sign inside the
cave. Signs nust be of durable construction and fixed solidly in place to
mnimze vandalism and should not be placed where bat novement or air flow
mght be inmpeded. They nust be |ocated where potential violators can see
than, and shoul d be placed just behind the gate or fence if such a structure
has been erected.

Wording willvary from cave to cave, depending on the history ofuse of
the cave by both batsand people. |f lau enforcement officials are to have a
strong case against violators, the sign nust contain a warning nessage
simlar to that of the upper half of the sign shown in FIGURE 3. |f
potential vandals are undeterred by the warning nessage, they mght be more
responsive to an interpretive nessage, as exenplified by the one shown on the
| ower half of the signin FIGURE 3. This sign is used at gray bat summer
caves in Mssouri, andis especially suitable for maternity caves. The
interpretive message has beta modified for certain other types ofcaves as
_follows : (1) for gray bat hi bt rnacul a -"The gray bat, an endangered species
that hibernates in this cave, nust survive the winter on stored fat. When
di sturbed, they arouse, using up this fat. Bats that have been aroused two
or three times may die before insects on which they feed are again available
in sr)ring." ( 2) caves in year round usebygray bats - "The gray bat, a
hi ghly beneficial endangered species that occurs in this cave throughout the
year, is intolerant of disturbance. In the sumrer, baby bats may fall to
their deaths if disturbed. In the winter, batsmayarouse from hibernation,
using up the stored fatthey need to survive until spring."

At certain caves it may beacceptable to permit entry of visitors during
seasons when bats are not present. Asmaller sign econtainingthat nessage,
plus information on how to obtain a key to agattd cave or other pertinent
details, night disecourage woul d-be vandal s, and encourage the cooperation of
spel unkers.
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In cases where a cave is located in a public use area, the management
agency may wish to use a much more detailed interpretive nmessage. For
exanple, a sign with the follow ng wording was posted atBl owing Wnd Gave,
National Gay Bat Sanctuary in northern A abam:

BLON NG WIND CAVE®
Wldlife Sanctuary-Unauthorized Entry Prohibited

"This cave is critical habitat for endangered G ay and |ndiana
Bats as well as for threatened Eastern Big-tared Bats and the
Tennessee Cave Sal amander. As a result of buman disturbance, all
of these species have decreased dramatically in numbers,
requiring protection from unauthorized entry. When this cave was
purchased by the U, S. Fish and Wildlife Service in 1979,

popul ations of all but the Gray Bat were nearly extinct here, and
even this species had been reduced to |ess than half of formner
nunbers.

Gray Bats have declined by nore than 54 percent throughout nuch
of their range in the last six years alone. Due to this cave's
uni que structure and strong, seasonally reversing air fl ow
patterns, 4t is the nost inportant sunmer cave kmown for gray
bats. Itcontains roughly aquarter of all known gray bats and
the colony here is the |argest anywhere. Wth careful protection
it is hoped that this colony will soon recover to former numbers
(between 250, 000 and 500,000).

These batsart very beneficial and deserving of human
understanding and protection. Individuals often tat 3000 or more
Insects in a single night, including many harnful kinds such as
mosquitos. |nsects, eaten nightly by the whole col ony nunber
roughly a billion and weigh nore than a ton!

Since thousands of these bats sometinmes die froma single
ill-timed di sturbance of their roost, human entry into this cave
nust be carefully controlled. Please help us protect them You
art welcone to quietly wateh the energence and return of these
bats at dusk and dawn each day from April through September
-(Flights are especially inpressive in July and August); however,
penalties for unauthorized entry beyond this gate, or other

nol estation of endangered species, range up to fines of $10,000
and/or imprisonment. Also it is illegal to damage Federal
proper €y .further information you may contact the Weel er
National Wldlife Refuge, P. 0. Box 1643, Decatur, AL 35602."

*This cave has not beendesignated critical habitat for any
federally-listed Specl es.
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Fences

Al though fences may not afford the same level of protection as steel
gates, thepresence of a fence makes it clear that unauthorized entry is
-i1llegal. Fences may be | ess expensive than gates, but are easier to climb or
cut. Nevertheless, somecaves are inpractical to gate, due to size or
configuration of entrances, or because gating woul d result inprobable
abandonment of the cave by bats. Chainlink, barbed-wire-topped fences
(FIGURE 8), with posts set in concrete art best. Barbed-wire should not
extend into flight space required by bats. Several fences have proven highly
effective in reducing human di sturbance, permitting gray bat maternity
colonies to increase greatly in size. Fences have been used successfully to
protect caves with flooded entrances adjacent toreservoirs (FlGJRE 5).

Gat es

Gates nust beused only with extrene care to avoid detrinental effects.
They should not be used at sunmer caves unless fret flight space can be
provi ded above. They should not be horizontal or used in entrances snaller
than 6 feet in diameter. Gates insmall entrances are nost likely to
restrictair f | ow or increase bat vulnerability to predation (Tuttle, 1977,
Tuttle and Stevenson, 1978), | eadi ng toabandonnent by the bats.

Welded Steel bar gates provide the npst secure meansofpreventing human
entry into a cave. Even the best-designed and well-built gate can be
vandal i zed. Routine inspections will 1dentify damage so that repairs can be
made promptly.

Each gate must be designed specifically for the caveto be protected,
consi dering nunmbers of bats’, type of colony, air flow and entrance size and
shape. In spite of the nunber of variables involved, certain generalizations
about gate design can be made.

Gates shoul d bdeconstructed of steel bars of sufficient size to be
i nvul nerabl e tobolteutters. Steel bars 3/4-inch to |-inch in diameter
(ASTM* A 242) artrecommrended. Al welds shoul d be nade carefully, using arc
wel di ng equi pnent.

Access openi ngs ingates shouid be constructed to the same standards,
with the nost durable hinges, hasps, and locks. In a situation where
vandal i sm seens |ikely, weak-link design nmay be enployed. The |ock, hasp, or
some Ot her ezsily replaceable portion of the gate should berelatively weak
so that vandal s will not try to breach the main body of the gate. Locks
shoul d be chosen with care, as nmany common types are extrenely easy to force
open. \

Fretends of all bars should be grouted intosolid rock. Insome caves,
It may be necessary t0 pour aconcrete footing (al though it should not rise
above original ground level), or to dig through a deep clay or gravel fill to
reach the under| ying floor.
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Fence errected at Norris Dam Cave

Valley Authority (Photo Credit R. Cum

FIGURE 4:
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Openi n?s in gates through'which bats are expected to fly should be
approxi mately 6inches vertically andat |east 24 inches horizontally.
Lengths greater than 24 inches between vertical bars increase the probability
that the bars can be spread by use of hydraulic jacks.

Unfortunately, a sinple vertical gate (FlIGURE 6) sel dom can be
constructed at acave with a sinkhol e entrance. Horizontal gates have two
serious drawbacks : (1) Rats are reluctant to fly up through such a gate; (2)
Ahorizontal gate may become bl ocked w th debris, preventing entry and exit
by bats, as well as blocking normal air flow. A solution is provided by a
*cage” gate, simlar to that shown in FIGURE 7.

Al though gates that coverentire entrances may provide maxi num security,
their use should be restricted. Pregnant females and females with young
apparently will not fly through them Until a full gate can be designed that
proves acceptable to gray bats using maternity caves, such caves nust be
"halr-gated.” A half-gate is practical only in a large cave entrance, where
it extends fromthe floor part way to the ceiling. It should allow adequate

space through which bats rray_flz (at least 3feetof space and preferably
more, depending on entrance width and colony size). It is relatively easy to

climb over a half-gate unless the top is designed to make the clinb difficult
(FIGURE 8).

Ful | gates have one additional |imtation which cannot be overcone by
the half-gate design. Graybatsare apparently very sensitive to any gate or
other structure placed across a small entrance (less than 6feet in
diameter). (One such cave, when gated, was pronptly abandoned by a bachel or
col ony of 40,000 bats that had been present the previous year.

Restrict Aoproach to Cave

Fewpeoplefind caves without the aid of trails and roads. Cbliteration
of jeep and foot trails may greatly reduce human traffic to the caves. The
Tennessee Valley Authority has bl ocked boat approaches to two of its caves,
preventing access. CQther opportunities for restricting approach may present
thensel ves at specific cave sites.

Levees
The Kansas City District, Corps of En?i neers has successfully used an
earthern | evee to protect a gray bat cave fromflooding at Harry S. Truman

Lake in Mssouri. carenmust be taken zo prevent water from backing up into
the cave, behind the |evee.

Resource (G oups and Azencies

The fol lowing groups and agencies have had the nost experience with bat
cave -management, and can be consulted for advice when management actions are
bei ng pl anned:
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_Great Scott Cave gate erected by the Missours Departnent of
Conservation (Photo Credit-« R Clawson).
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Bear Cave gate erected bythe M ssouri

(Photo Credit - R. Clawson).
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(1) The Recovery Team

(2) U. S. Fish and Wildlife Service, Region 4

(3) Missouri Department of Conservati on

(3) Tennessee Valley Authority, Ofice of Natural Resources

(5) U. 8. Arny Corps of Engineers, St. Louis and Kansas City Districts
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Only in the las: 50 years has man learned muca
. about bats and their life history. Their nocturnal habits,
affinity for eerie placeslike caves, and silent, darting
flight have made them the subjects of a great ezl of
. folklore and super stition through the years. Active at a
time woen Mmoat people prefer to be indoorsand able to
function when and where man’s moat important sense,
sight, iSdenied him, it iSno wonder that bats seem super-
natural, Actually, bats are superbly adapted creatures
that have evolved to exploit resources such as night-flying
insects and dark caverns that are unavailable to diurnal
and sight-dependent animals.

Bats ar e the only mammals capable of trueflight.
Their fore limbs have the same general configuration as

other mammals’, but the bona of the fingersere greatly
elongated to support membraneous wings. The hind
limbs ar e modifiec. to allow them to alight and hang,
head-down, by their toes.

Bat s feed at night. Most locate their food and
navigate by uttering a continuous series of ultrasonic
criesthat return asechoes when theeries hit solid objects.
In the daytime they seek shelter in a wide variety of
places: caves, mines, buildings, rock crevices, under tree
bark and amid foliage. When resting or hibernating, bats
can lower their body temperature to nearly match the en-
vironment and thus lower their metabolism and conserve
energy.

Most bats congregate in nursery colonies in the
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spring. The young are born in May or June. Most
Missouri bats produce one young per year; several species
produce two, and one produces up to four. The young are
fed on milk until they are capable of foraging on their
own. Summer colonies disperse in July and August, when
the bats begin migration to hibernation sites. A variety of
sites are used for hibernation-caves, mines, buildings
and hollow trees. Before hibernating, bats accumulate
fat reserves to last throughout the foodless winter.

Bats are an important part of the natural system.
They help control nocturnal insects, some of which are
agricultural pests or annoying to man. Many forms of
cave life depend upon the nutrients brought in by bats
and released from their guano (feces). And bats have con-
tributed much to man’s knowledge through scientific
studies of their echolocation abilities, their biology and
certain aspects of their physiology.

Bat populations ‘have been declining at an alarming
ratein recent years. Same of the moreimportant causes
of this decline ar e destruction of habitat, pesticides and
disturbance. Loss of roosting and foraging habitat has
resulted from reservoir construction, water shed develop-
ment, forest conversion, urbanization and cave commer -
cialization. Lethal |evels of pesticides have been found in
dead bats in several studies. Vandalism and disturbance
have eliminated or greatly reduced batsin a number of
~avas, Three species of batsin Missouri are on the federal
Endaznger~d Species List and are protected by the En-
dangered Species Act of 1973. All bats are protected by
the wildlife code of Missouri.

All of the bats that occur in Missouri are insec-
tivorous. They can be divided into two groups-those
that roost only in trees and those that spend at least a por-
tion of the year in caves.

Among the tree bats, red bats and hoary bats roost
amid the leaves while silver-haired bats roost under loose
bark and evening bats prefer cavities. Red bats are prob-
ably the most commonly seen speciesin the state. Occurr -
ing statewide, they emerge at dusk to forage along woods
edges, over streams, along roads and frequently around
street lampsin towns. In winter, they may be seen on
war m afternoons foraging in ferest openings. The hoary
bat, so named because of white tips on its rich, dark
brown fur, isthelargest Missouri bat, weighing over an
ounce and having a 1S-inch wingspan. Silver-haired bats
are primarily a northern species while wening batsraise

young in Missouri but migrate south for thewinter.

' The remaining species occupy caves all or part of the
year. Gray bats, Indiana batsand Ozark big-eared bats
are on the federal Endangered Species List. Gray bats
and Indiana bats are threatened with extinction largely
because of their habit of amassing in very large numbers
(up to hundreds of thousands) in only a few caves. Thus
thev are extremely vulnerable to disturbance (each time
they are awakened from hibernation they use up vital fat
reserves), destruction from natural catastrophes such as
flooding or wanton slaughter by people, and loss of im-
portant caves to commer cialization, inundation by reser-
voirs, or other causes. There now may only be a few bhun-
dred Ozark big-eared batsin existence. They areknown
from only a very few caves in southwest ‘Missouri, north-
west Arkansas and eastern Oklahoma.

Gray bats live underground year-round and thus are
found only in areas with suitable caves (mostly the
southern half of the state). Their summer caves are easily
recognized because of the huge mounds of guano that ac-
cumulate beneath the bat roosts. The roosts themselves
usually are evident as brown stains on the cave ceiling. In
June and July, when flightless young are present, distur-
bance can lead to mass mortality as frightened females
drop their young in the panic to flee from theintruder.
Such clustersof gray batsareusually noisy, so if you enter
a cave with a strong guano smell and hear bats, please
turn around and leave immediately. Gray bats are
known to hibernate in four cavesin Missouri; three of
them have pit (vertical) entrancesthat make human ac-
cess difficult thus limiting disturbance. One of these
caves is commer cialized, but the owners are taking steps
to protect thebats.

Indiana bats hibernate in a few cold cavesin the
Ozarks, and mor e than half of the entire world popula-
tion wintersin Missouri. They form dense clusters of hun-
dreds or thousands of bats on cave cellings, usually
within or just beyond the twilight zone near the cave's
entrance. At this time they are highly susceptable to
disturbance by cave explorers. In summer, Indiana bats
disperse and form small colonies. They live under tree
bark and are not likely to be seen. Relatively little is
known about their summer ecology because they are’so
difficult to locate.

Little brown bats hibernate in small numbersin
many caves in Missouri. In summer, they sometimes form
coloniesin barnsand attics. Keen’sbatshidein crevices
in caves and arerarely seen even though numbers of them
can betrapped at cave entrances at night.

Eastern pipistrelle bats are palein color and can be
found hibernating singly in most caves in the state. Big
brown bats hibernatein cold sitesjust inside cave en-
trances. They sometimes form coloniesin barns and attics
where their guano may create an odor problem. When a
single bat isfound inside a house, it is most likely a big
brown that entered looking for a place to roost for the
day.

Eastern and Ozark big-eared bats occur in small
numbers in Missouri. They are easily recognized as they
have huge earsthat are nearly aslong astherest of their -
body. Least bats have been found in a few caves in the
state, and free-tail bats wereidentified from a couple of
locations.

At present, bat management consists primarily of
protecting habitat. Some of the caves known to be oc-
cupied by endangered species have been acquired or
leased. Caves that are especially critical to the survival of .
these species are being gated with welded steel bars set in
concreteor rock. However, during thetimes of the year
when the endanger ed bats are not present, these caves -~
can be visited without harm to the bats. Many caves used
by endangered species are posted with signs that explain
which speciesis present and at what time of year en-
trance into the cave would disturb the bats. They also
give some information on why the bats need protection.
Entering a bat cave could lead to prosecution under the
Endangered Species Act and bring afine of up to
$20,000.



If you have batsin your house or other building and
wish to evict them, the best method is to block all access
holes when the bats are out so that they cannot return.
The but timeisin thefall or winter after the bats have
left for hibernation. Alternatively, you could wait until
the bats have left to forage at dusk and then block up the
holes. However, don’t do this between May 15 and July
15 when flightless young might be present as they would
die and create an additional odor problem. Killing the
bats without stopping up their access holes may alleviate
the problem for the time being, but the conditions that
attracted the batsin thefirst place would still exist and

. other bats probably would use the sitein the future. It

has recently been found that spraying pesticides on a bat
colony is not a good method of control, for several
reasons-( 1) not all the bats are killed, (2) dying bats fall

. near the treatment site and are likely to come in contact

with humans and their pets, and (3) as above, the condi-
tionsthat initially attracted the bats are not changed.

Appendix | givesasimplekey and descriptions of the

" cave bats most likely to be encountered in Missouri. It

also hasidentification tipsto help distinguish the two en-
danger ed Myotis species from other, smilar bak. Also at-
tached is a page of drawings that depict several key
characters to separate bats of the genus Myoetis in
Missouri. If you encounter endangered species or find
any bats with numbered plastic bands on their wings,
please send the number, color of band, date, locality and
any other pertinent information to Richard Clawson,
Fish and Wildlife Research Center, 1110 College
Avenue, Columbia, Missouri 85201.

Bak need friends. They have suffered from misinfor-
matior and superstition for many years. Aswe learn
mor e about thesefurry little“ angels of the night” we
realize their importancein the natural scheme of things.
An enlightened public, realizing that the system is com-
rosed of mamy partsand that each hasa roleto play ia
praintzining the baiance, will ultimately p-rovete bethe
tat’z best friend.

This publ:cetion is made possible by the 1/8 of 1%
safe; tax dedicated to conservation in Missouri.

APPENDIX |
A SIMPLIFIED KEY TO MiSSOURI CAVE BATS

A. Usually roosting in large clusters (hundreds or
thousands)

1. Fur on back gray: gwaro piles under cave roosts;
bats usuailv seen only in spring, summer or fall
Gray Bat

2. Put on back brownish gray; no guano piles
under roosts; bats usually seea only in cold caves
in late fall, winter and early spring
e XL % Indiana Bat

B. Usually roosting singly or in very small clusters
(fewer than 20)

1. Large size (total length 4" to §7); fur on back
darkbrown................... Big Brown Bat

2. Small size (total length [essthan 47)

a. Fur on back pale yelowish or pale reddish-

brown..................... Pipistrelle Bat
b. Fur on back dark glossy brown
Earslong(about3/4™........... Keen'sBat

Earsshorter (usually 5/8” or less)
........................ Little Brown Bat

AMORE DETAILED GUIDE TO IDENTIFICATION
AND HABITS OF MISSOURI CAVE BATS

Gray Bat (Muyotis grisescens) — ENDANGERED —
Medium size; grayish color: usually in large active
clusters: in absence of bak, evidenced by piles of
bat guano and reddish-brown ceiling stains; in many
cavesin summer, few in winter.

Indiana Bat (Myotis sodalis) — ENDANGERED —
Small size; grayish brown color, grayish ears and
membranes; torpid clusters (often large) in cold
caves in winter; no guano piles; mostly in a few caves
in eastern Ozarks. .

Little Brown Bat (Myotis lucifugus) — Small size;
brown, glossy fur; blackish ears and membranes,
assingles, pairsor small clusters; in most .cavesin
winter, often neat twilight.

K een’s Bat (Myotis keenii) — Small size; much likelittle
brown bat, but much longer ears; roostsin crevices,

so rarely seen, but a few do roost in the open on low
ceilings.

Big Brown Bat (Eptesicus fuscus, — Much larger than
otherslisted hen: brown color; derk earsand mem-
branes; noisy and belligerent; singles and small
groupsin NSt caves. near entranze.

Eastern Pipisirelle Bat {Pipistrellus subflavus) — Small-
est of our cave bats; paie col or and very small size
make it eusy to recognize; singles in winter, some-
times als» in summer; most cavesin state, well past
twilight I n constant temperatur e zene.

TDENTIFICATION OF INDIVIDUAL
BATS IN THE HAND

I dentification of individual bats in hand can be dif-
ficult. The key to Missouri cave bats may prove 2de-
quate, especially if roosting conditions wer e cbserved.
Otherwise the following drawings will be very useful.
They use the color of the fur, as revealec by blowing in
the center of the back to part the fur; the position of at-
tachment of the tail membrane; the length and density of
distribution of hairs on the toes; and the degree of
development of a fleshy keel on the calear, which is a car-
tilaginous supporting structure on the rear edge of the tail
membrane. These are the characters used by bat
biologists to distinguish among these species.



“How To Distinguish Certain
Species of Myotis By The Hind
Foot And Fur
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APPENDI X VI

GRAY BAT CAVES BY STATE



Most of the recommended acti ons in the step-down plan involve Individual
gray batcaves. The follow ng pages contain alist ofthese caves. their
| ocation by state andcounty. an index nunber for computer purposes, priority
| evel (1=4), levels ofbiological significance (I-7; See item 1.2.2.1.1.1)
based on size and type of colony, protection needs. and recommended management
agencies. Priority levels were set based on biological significance, locatiom,
vulnerability and ecoocensusof opinion ofavariety of respondents to the cave
survey (see Part1.2.2.(1). of the step-down plan). Priority 1 caves are mgjor
hibernacula and their nost Inportant maternity col onies. Priority 2 caves are
those containing fewer batsthat are inportant for geographic orother reasons.
Priority 3caves arethosethat require further investigation. Priority 4 are
al| remaining known caves, nost of which are of marginal consequence and require
no action. The recommended management agencies should initiate planning and
budget initiatives to effect the listed protection needs.



TARLE 3. ABBREVIATIONS IN GRAY BAT nzmvr:ix PLAN (TABLES A-19)

s Ariansas Game and Fish Commission

s Alabama Department of Conservation and Natural Resources
s Alabama Departmsesnt of Matural Resources

s Cookson Eills Christian School

s Missouri Deparment of Natural Resources

s Don Russell .

s Rligidle Natural Landmark

s-Ptorids Game and lnland Fisheries Commission
s Georgia Department of Matural Resources

s State of DNlinois

s Kentucky Nsture Preserves Commission

s Missouri Departmsat of Conservatiocn

e Rilwmukes Pudlic Museus

s Nature Conservancy

s Mational Matursl lLandmarik

s Naticmal Park Service

s Naticmal Speleclogical Society

s Oklaboms Department of Wildlife Conservatioca
s Ozzrk Tnderground laboratory

s Privace locividual

s Purchuss, Leass, or Cooperntive igreement

s Privace Nctiomal Speleclogist Society

FEEERRERRRRNARRRRRE NS S

s Sllver Dollar City

3

Teinessee talley Authority
R s Tetneasee Nildlife Aesouress Jurvey
USACE s U.8. Army Corps of Ingineert

USADGD = U.S. Departasat of Defense

usrs s 0.8, Forest Service

USFu3 » U.S. Pish snd Wildlife Service

VAGF = Virginia Commtssion of Came and Inland Fisheries

° s Already Accomplished



TAME 4.

STATE
sLABAIA
aLsAA
ALABANA
AU
ALABAMA
ALABAMA
ALABAKA
ARKANSAS
ARKANSAS
ARKANSAS
n.oR10A
noaoa
noRIDA
n.oaioa
Lol
KeNTUCKY
XENTUCKY
KeNTUCKY

KENTUCKY

PRICRITY | CAVEZ PFOR GRAY BATS.

COUNTY

COLRERTY

JACKSON

JACKSOM

LAUBRADALE

HARSNALL

HORCAN

SAXTER

aENToN

CAVE NAMR

CRORGRTOMN C A M

SANDERS CAVE (TURR)

SAUTA CAVR

ERY CAvVE

HAMBRICK CAVE

CAN SPRINGS CAVE

L00AN CAVE

INDEPZNDEN BONE CAVE

Jacxson

JaCuson

Jacuson

JaCuson

HARDIY

ALLEN

Jessanim

JEssanine

JUncEs CavE

OL® INDIAN CAVE

CAVE SPATNG CAvVE

NOLLANG CAVE

JESSE JaMES CavR

CHAISMANS CAVE -

OVERSTREEY Cm

9% 1

114 [ |

14 1

(L) 1

o)

n

170 1

PROTECTION MELDS

HODEPY PRNCE

PICA, 1/2 AT

PLCA, SICH DMLY

REGULAS F1TROL, MAINTENANCE

raucee, sigue

HODIFY CATRS

rca, 3/2 cane

rica, 1/2 came

PLCA, SIGN oMY

PLCA, FENCE

PLCA, PENCER

FENCR, BEMOVE CATSS

PLCA, GATR

PLCA, CATE, SICNS

PLCA, MOBLFY GATS

PLCA, CATR, SICNS

PLCA, GATH, SICW

UC NGHT ACRNCY

MA OR TVA

ALDOC OR TVA

n

IL o8 Usrs

XWPC, NSPUS, OR TVA



RENTUCRY

Nissnunre

OXLANONA

TENNESSER

TENNESSER

TENNRSSER

TaRNzIsER

TENNESSEE

TENNESERE

TEHRESYSE

TEVNPSSES

TENNESSER

Tmice

FIANKLIN

mcxoay

LacLzOR

naaskl

BUANWN

£TANE

TANERY

DELAVANE

a.Alsonne

NEKALD

CRAtNGER

HINTCRIZRY

STAIARY

UARREN

COOL SPRINCS CAVE

10LeS cave

BAT CAVE

RCARING SPRINGS CAVE

Corrin cave

INCA CAVER

CHIMNEY CAvE

MARVEL CAVE -

SALTRETRA CAVE

TIMELING CageR CavE

STANSBERRY'S CAVE

UnITE WIS cave

CRIPPE MIVL, CAVE

1N01AY CAave

PRARSON CAVE

WICKAJACK CAVR

BELLAMY CAVE

YOBACCOPONT SALTRETER CAVR

OAXS CAVR

NURSARDS CAVE

1]
e
a1t
033
039
062
o8
(1
11
104
103
107
[}]]
40
134
[T}
1%
13} ]
143
158
129

PLCA, GATE, SIGNS

PLCA, SICNH OWLY®

PLCA, CATR

LEASES, slow®

sEncE?, S1GNS

TENCES, SICW*

NAINTAIN, SICH oMLY®

PLCA, FENCER

CATR®

PLCA, S1CN, GATER®

PLCA, SICH oMLY

#1Ca, SIGN oMY

PLEA, 1/2 caTR

PLCA, SICH oMLY

rENCES, SIGH®

CoOP ACRER®, SICN®, FENCE®

.
PLCA, vENCE, SICW
sicn oNLy

PICA, 1/2 caTR

e, O craa, OATVA

nrs

(i)

TVRA

TNRA OR WUSNVS

THRA OR TVA

TURA

TURA



TABLE S. PRIORITY 1 EIBERNACULA AND ASSOCIATED PRIORITY 1 MATERNITY

COLONIES FOR GRAY BATS.

Eibernaculum

Fern Cave, AL (170)

Bonanza Cave, AR (007)

O d Indian Cave, FL (28S)

Jesse James Cave, KY (209)

Coffin Cave, ™ (067)

chimey Cave, M (099)
Marvel Cave, M0 (104)

Pearson Cave, TX (130)

Tobaccoport Sal tpeter Cave, TN (158)
Hubbards Cave, TX (169)

Maternity col ony

Rickajack Cave, TN (133)
Sauta Cave, AL (134)

Bel | any Cave, TN (145)
Cave Springs Cave, AL (148)
Key Cave, AL (149)
Georgetown Cave, AL (155)
Eanbrick Cave, AL (191)
Sanders Cave, AL (296)

Bone Cave, AR (009)

Logan Cave, AR (016)

Sal t peter Cave, M (105)
Tunbling Creek Cave, HO (107)

Geromes Cave, TL (284)
Judges Cave, FL ‘285)
Girards Cave, FL (287) -

Cave Spring Cave, IL (111)
Cool Sprinmgs Cave, KY (252)
BEolland Cave, KY (260)
Chrismans Cave, KY (269)
Overstreet Cave, KY (270)

Moles Cave, M0 (022
Mauss Cave, ™ (038
Beck Cave, W (062
Inca Cave, M (092

Bat Cave, ¥ (053)
Roaring Springs Cave, M0 (059)

Saltpeter Cave, M0 (105)
Tumbling Creek Cave, ™ (107)

Oaks Cave, TN (129)
Nickajack Cave, TN (133)
White Buis Cave, TN (140)
Indian Cave, TN (141)

Bel  any Cave, TN (145)
Nickajack Cave, TN (133)

Bel  any Cave, TN (145)
Czipps Mill Cave, TN (154)



TABLE A
s
ALABAMA
ALABAMA
ALABAMA
ALARAMA
ALABANA
ALABAMA
ALABAMA
ALABAMA
ALasaa
AtAsAMA
ALABAMA
ALASAMA
ALABANA
ARKANSAS
ARKANSAS
ARKANSAS
ARKANSAS

ARKANSAS

PRIORITY 1 CAVES POR GRAY BATS.

coursry

coLBERTY

DEKALS

DEKALD

J2CX30M

Jacuson

LANDERDALE

LINESTONR

MARSHALL

MARINALE

HARSNALL

HARSMALL

SAETER

AENTON

CAVE NArx

BAKER CAVE

LYKES CAVE

PORTEASVILLE BAT CaVE

GROSS SKXELSTON CAVE

NITRR CAVE

SLOUEMT SPRINGS CAVR

SHELTA CAVE

OUMNAN CAVE

QUWICCIVI1J.8 CAVEANS

KNGS SCHOOL CAVE

ANDERSON CAVE

ms JOT CAvVE (BAT)

CAVE SPRINCE CAVE

CRYSTAL Cave

21CEON R00ST CAVE

WAR RAGLE CAVERNS

SNDEX PATY S1C

137

m

004

14
a 1
a 9
13
a $
a 3
a 4
1 1
a $
2 A
a $
193
: 3
a a
? 1
aad
1 3
ra

PROTECTION WEEDS
PLCA, SICH OMLY
PLCA, PENCR
PLCA, BICH oMLY
SICH oWLy
PLCA, SiCH
21
PLCA, SICN oMLY

pEncEs, siCH

GRPLACE GATE VITH FENCE, SICNS

PLCA, SIGH OMLY

PLCA, SIGH oMLY

STOP CONTAMINATION SOURCE

PLCA, S1CW ON.1

PLCA, BICH oMLY

PLCA, 1/2 caTx

PLCA, SICH ONLY

nea, /2 cATs

AEC NCHT ACENCY
mooc, usms, o TVA
aooc, © sw.oa TVA
mooe, O svus eaTVA
ALDOC OR TVA

ALvoC, WSKUS, 08 \\A
ALvoc, wsrus, 08 TVA
ALDOC OS WA

uss

anvoc, usrus, 0 VA
aveoc, usrws, o \\A
ALDOC

asoc, o svi, e TVA
aALpoc 08 uswis

AGYC on USHIS

AGPC OR USTVS

AGPC OB ¥sWUS

usace

ACPC 08 UITUS



ARNANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANGAS

AUANSAS

ARKANSAS

ARKANSAS

ARKANSAS

BOONE

CARMOLL.

BREMER CAVE

BENNETT CAVE

INDEPENDEN MANKEINS CAVE

nTON

L]

SEARCY

BRARCY

SEARCY

stom

sToNE

STONE

STONE

CAVE HOUNTAIN CAVR (CAT, BOXLEY)

0IANOND CAVE

JOuy RDDINGS CAVER

LITTIE BRAR Cave

CRANE CAVE

FALLOUY CAVE

PETER CAVE

ALAGG CAVE (CENTRR)

BALD SCRAPPY CAVE (AtLISON)

CAVE RiIVER CaVE

HELL CC833 CAVE

JOR BniCHT CAVE

orTivus Cave

fK08Y Cave (IIIEIII.JJ

26

w

144

04

L1 )

(1}

003

343

1 ]

PLCA, V/2 CeATE

PLCA, 1/2 catR

PLCA, FULL CATE

PLCA, 1/2 AT

rnea
ruce £
PLCA, 3/2 CaTe
rENcE

roace

rEnce

FICA, /2 TS
PLCA, 1/3 cats

1/2 care

FULL FRNCE, GATR, AVOID DISTUR

PICA, 1/2 CATE
PLCA, 1/2 cave
reca, 1/2 eant
1/2 cane

rLCA

ACFC om NM

MIC o0 0 435

ACPC Ok 9SNNS

AGIC OR 66

ACYC 0S usShS

AGPC On U3VNS



ABKANSAS

TLORIDA

.08 DA

KANSAS

KENTUCKY

LENTUCKY

KENTUCKY

KENTUCKY

KENTUCKY

KENTUCKY

KeNtucxy

KENTUCRY

KENTUCKY

KRBNTUCKY

KENTUCKY

JACKSON

JACKSOM

Jackson

CRAMPORD

ADALR

ALLEW

CLINTON

uART

JESSANING

NeLson

PULASK]

11160

BENTOM

ROULAMAR CAVE

rEARS CAVE

RIVER CAVE

ANTANS MAT CAVE

STORM SENER

JONES CAVE

T2WLE WILL SALTPRTER CAVE

CANEY BRANCE Cave

COACH CAVE (WUNDRED BDOIE)

LONG CAVR

RYDRDPS WEAL CAVE

DANIEL 300ME'S CAVE

aecEss CAYR

GLOUING CAVE

181

LY

m

87

160

b4

#1G JULFUR SPRINGS CAVE (PER DIB 272

ESTES Cave

BOONS CAVE

DivhisB VCESOX CAvE

HOL30M CAVE

013

PULL CATR

PLCA, SICN OMLY

PLCA, SICH OonLY

neca

rLca

OUNER COGPERAT JON

PLCA, GATR

PLCA, HODIFY CATES

HODIFY GATR

OATS, SICNS

PLCA, WORIPY CATR

PLCA, DAYS, 8SICM

PLCA, CATE, SICNS

PLCA, SIGH ONLY

PLCA, SICHN oMLY

PLCA, SICH oMLY

n

PITTSRURG

UNPC, BSTUE, OR TVA

ANPC OS USNS
KNrc

Usrs

nes

KNPC OS MM
XNPC OR USIVS
nec or UBNS
Kwec

awrc, Uss, os TVA



RISSOUR |

HISSCUR]

HESSOURT

MISSOUR]

nissounl

MISSOURI

H15SOUR]

HISSCUR]

ni1SSCuRl

HISSOUR]

MNISSCUR]

NISSOUR]

NISSCUR]

HISSOUR

MISSOUR]

niSSouRl

MISSCUR]

HISSOUKS

HISSOUKT

HISSOUR

ROONE

HOONE

CAHOEN

CAHDEN

CAMDEN

CAMDEN

CAHDEN

CAHDEN

CANDEN

CAMDEN

CARTER

CHRISTIAN

COLE

CRAMFORD

CRAVEORD

CRANFORD

DADE

DALLAS

DALLAS

DALLAS

FRANKLIN

FRAANKLIN

HUNTEHS CAVE

LEW] € AND CLARK CAVE
ADK INS CAVE

CANROLL CAVE

FIERY FORKS CAVE
GRANDPA CHIPPLEY'S CAVE
HANNAN CAVE.

LOUER EURNT MILL CAVE
PRATRIE HOLLOW CAVE
RIVER CAVE = H A NA TONKA
COALBANK CAVC

RANTZ CAVE

UNNAPED CAVE 92

ONYX CAVE

SALOCN CAVE
TVENTY-THREE DLGRLE CAVE
MAZE CAVE

CATHOLLOW CAVE
HILDENERAND CAVE

MCREE CAVE

BAT CAVE ¢2

f ISHER CAVE

026

028

623

03s

o)

[ 13 ]

os?

030

nsi

05S

0s?

PLCA, GATE

PLCA, FENCE, EXPIL GATE
PLCA, GATE

PLCA, MODIFY GATE
MONE

PLCA, GATE

PLCA, SIGN ONLY
PLCA, FENCE

PLCA, SIGN ONLY
GATE,SIGNe

BLOCK ACCESS ROAD,SIGNe
PLCA, SICN ONLY
PLCA, FENCE
HAINTAIN,GATE®,SIGN®
173 GATE, SIGNe
PLCA, f CNCC

PLCA, FENCE

PLCA, CATE

PLCA, GATE

PLUN, CATE

?L oA, FENCE

HAINTAIN, INPROVE GATE

NOC OR DNR

USF V3

“oC

UsSMC

UsSACE

usrs

MWOC OR ONR



T¢

MISSCUR]

MI5SOUR]

MISSOURL

HISSOURI

MISSOURI

MISSOUR]

HISSCUN]

MESSCURS

N1SSOUR]

NISSCUR]

HESSCUR]

NISSOURL

NISSOUN1

MISSOUR]

n1SSOouR]

HISSOUR]

MIZSOUR]

N1ISSCURL

®nissoual

HISSOUKRS

HISSCUR |

HITSCUn]

FRANKLIN

HICKORY

JASPER

LACLEDE

LACLEDE

LACLE DE

LACLEDE

MARELS

HILLEM

MILLER

HORGAN

OLEGON

OREGON

CZARK

PIKE

PULASK]

PULASK]Y

PULASK]

PULASK |

PULASK |

PULASA |

$#ALLS

TUINSPRINGS C A V E

BLACKMELL CAVE

COOL ERODK CAVE

BAT CAVE

HARY LAUSON CAVE

HAYF 1ELD CAVE

SHAMEL CAVE (DREW)

INDIANFOND CAVE

BAT CAVE 01

MCDOVELL CAVE

DRY CRANCH CAVE

BAT ZAVE

BIC nOUTH CAVE

HAY FAVE

FRANKEORD CAVE

BAT CAVE 83

BAT CAVE 92

FHLE.PAN CAVE

PIGUET CAVE

TUNNEL CAVE

W Ity CAVE

f ISHER CAYF

043

e

(2]

N

(2]

(11}

09)

¢1%

S1GN ONLY

HAINTAIN, 1/2 GAlEe

PLCA, GATE

PLCA, GATE, BLOCK ROAD

PLCA, CATE

GATE

PLCA, SICN ONLY

PLCA

PLCA, TENCE

PLCA, GATE

PLCA, GATE

PLCA, SIGN ONLY

MAINTAIN,GATES, S IGNe

PLCA, GATE

PLCA, GATE

PLCA, SIGH ONLY

RESTRICT ACCESS (CLOSE RORD)

PLCA, GATE
PLCA, CATL
PLCA, SIGN ONLY

PLCA, SIGN ONLY

MoC

Usace

MDC o n NC

MDC on Uusrus

usrs

wc

USPS

usrs

e

MOC OR USFS

L

u.s. AMY

HoC

L



4

HISSOuRl REYHOLDS

H1SSCUR]Y SHANNON

BISSCUR] SHA NHON

RISSOUR] SHANNON

COOK S CAVL

BAT CAVE

HARTIN CAVE ENIRANCE 82

ROUND SPRING CAVE

YISSOUR] VASHINGTON GREAT SCOTT CAVE

MISSCUR] WRIGHT

ORLAMOMA  ADAIR

OLLANOMA  DELAVARE

DELAVARE

CORLANOGHA

TLHNESSLE CFEDFORD

TENNESSEE CAMPBELL

JENHESSER. CLAY

TENNESSEL  DECATUR

TEUNESSEE DEKALB

TEHUNE SSEF FRANKLIN

SENNESSEL  FRANKLIN

TEUNE SSEE GRUNDY

TEIMESSEE MAUK INS

TENNESSEE  HICKNAN

TENNESSEE  JACKSON

TEIMESSEE KNOX

TENNESSEE LINCOLN

SHITILE CAVE
CWARLEYOWL CAVE
LINDA BEAR PAV CAVE
SPAVINAN BAT CAVE
SHIPPAN CREEK CAVE
NHORR1S DAN CAVE
HARK tiay CAvE
FEATHERFOOT CAVE
GIN ELUFF CAVE
CANEY HOLLOM CAVE
W00D*S DAN
TRUSSELL CAVE
HOUNER CAVE

BAT CAVE

DUD*S CAVE
BALONEY CAVE

BAT CAVE

(1]

ovo

117

165

n

178

am

103

170

PLCA, FENCE

PLCA, GATE

PLCA, FENCE

NO VISITORS, CHANGE GATE
MAINTAIN,GATES, S IGNe
PLCA, CATE

GATE

PLCA, SIGN ONLY

SIGNS , RESTAICT RESEARCH
Lca

FENCE®, SIGNe

PLCA, SIGN ONLY

FENCE

PLCA

PLCA, s G N ONLY

COOP AGREEe

PLCA, SIGN ONLY

R

"b:'ll AGRFEe, SIGN ONLYe
PLCA

PLCA, FRNCE, SIGN

PLCA, SIGN ONLY

USFS

USF us

NC

Da

ysrus

TURA,USFUS, ON TVA

TURA OR TVA

TURA, USFUS, OR TV A

TURAOR TVA

. TURA, USFNS, OR T V A

Tuma, USFYS, on s
TURA, USEUS, OR TV A
TURA, USFNS, 0 n TVA
TURA, USFYS, OR TVA
TURA, USFUS, OR TV A
TUAR, USF¥S, On TVA
TURA, USF¥S, ON TVA

TURA, USFUS,OR TV A



€e

TENNESSEE

TENNESSEE

TENNESSEE

TEUNESSEE

JENNESSEE

TEUNESSIE

TENMESSEE

TEHNESSEL

TENNESSEE

TEMNESSEE

TEIMESSEE

TEUNESSEE

VIRGINIA

HAURY
MEICS
HEIGS
REICS
PERRY
PUTNAM
RHEA
RHEA
RUTHERFORD
SHITH
SHITH
UNTON

-
sco1it

senpEnrAN CAVE

BLITHE FERRY CAVE

EVES CAVE

SENS ABAUGH CAVE

ALEX ANDRLR CAVE

AMLNT CAVE

GRASSY CREER CAVE

HARRIS CAVE

HERR ING CAVE

BAJ DGEVATER CAVE

PIPER CAVE

LOST cheeRk CAVE

CLINCHRORT CAVE

103

111

138

101

207

mm

298

PLCA

TENCE, SIGN

SIGN ONLY

"PLCA, SIGN ONLY

PLCA, 1/2 CATE
PLCA, SIGN ONLY
PLCA, SIGN ONLY
PLCA, S1GN ONLY
PLCA

PLCA

PLCA, FENCE
rENCE

PLCA, SIGN ONLY

tvRA, UsFus,’ OR TVA
TURA AND TVA

TURA, USFUS, OR  TVA
TURA, USFUS, OR  TVA
THRA, USFUS, OR TVA
TURA, USFUS, OR TVA
TURA, USFUS,OR TVA
TWRA, USFNS, OR TVA
TURA, USFVS, OR IVA
TVAR, USFNS, OR TVA
TURA, USCUS, ON IVA
TURA, USFUS, OR TVA

VAGF, USFuS, OR TVA



7€

IATLF 7,

s1am2.
ALEBAMA
ALPDAMA
ALALAMA
ALEBAMA
KL AMA

ALADAA
ALLLAYA
ALABAIA
ALADAIA
ALTBANA
ALAGAMA
ALARAYA
ALTDAMA
ALRIABA
ALFDAKA
AKEANSAS
AR AUSAS

GEOKGIA

FRICHITY 3 CAVES FOR GRAYIATS,

COUNTY

COLRLKT

PEKALD

JACKSON

JACK SO

JACA SO

LAVLEFPDALE

LAUDLHDALL

HADISON

FARSHALL

MARSHALL

BARSHALL

EARSHALL

HORGAR

HORGAN

HORGAN

LOOUE

| 0oL

roLk

CAVL. NALF
MChINNEY CAVF g2
STARIEY CARDEN CAVL
HONSESKULL CAVE.
LITTLE KAT CAVE
ONCE STUFLLS CAVE
VAT CAVE
COLL ILR CAVE
NEKING CAVF (CAVE SPRING)
DISHCP CAVE
HONEICCHD CAVE
KINGS SPRING CAVE
LECHETIER CAVE
WUGHES CAVE
TALUCAN CAVE
uOLNY CAVE
SILVED VALIEY 1IN
LY Cant

BLATINS CAVE

mnex FRTY

199

21e

195

i

19

167

200

189

167

17

164

19

"M

3ot

PROYECTINN NEFDS

SURVEY TU DETERWMIE NLEDS

SURYEY TO DETERMINE NLF DS

SUNYEY T o DETEHMINE NEFDS

SURVEY T O DETERMINE NEY DS

SURVLY T0 DETERMINE NELDS

SURVEY TO DETERMINE NEFDS

SURVEY T0 DETFRMINE NELDS

SURVEY 10 DETERMINE NEFDS

SURVEY T0 DETERMINE NEt DS

SURVEY J0 DETERMINE NEEDS

SUNVEY T DFTERIINE REFDS

SURVEY T O DFTERMINE NEFDS

SURYEY T O DETERMIUF NEY DS

PLCA

SURVEY TO DETEAMINE Nt 1S

A TLTREN

SUNVLY 1-) DFTENNTLE ikt 0S

SUHVEV 10 DETERHINE NEF US

REC MGHT AGENCY
ALDUC. USfUS, ON TVA
ALDUC, USF¥S, OR TVA
ALDUC, USFUS. OR 1¥A
ALDOC,USFUS, OR TVA
MLDOC, USfUS, OR TVA
ALDUC, USfUS, OR 1¥A
ALDOC, USFMS, OR TV A
ALDOC, USFUS. ON TVA
ALDOC, USFYS. OR TVA
ALDOC, USFUS. ON TVA
ALDOC, USFUS, OR1YA
ALDOC, USTUS, OR TVA
ALDUC, UStUS,OR TVA
#LDCC, USPUS, OR TV A
ALDUC, USfUS, OR TVA
sGFC
AGFC Oh USFLS

TVA



112

SeoRC A

KELTUCKY
PENTUCKY
KLETUCKY
RELTUCKY
KEHTUCKY
RERTUCK Y
KLHTUCKY
nisscunl?
H1ISOUR]
MILSCURY
ni1sSCUng
rISSOUR1
M1ISCUK]
HISSCURL
risscunl
MILSOVF |
nizscus |
LRI 1) |
MILS5CUR]

MILsSeUag

R T YUA )

PoLk
GARKARD
NART

LEE

\FE
JAYLOR
1000
UARREN
PLNTON
LENTON
CRAUFORD
UALLAS
FRANKLIN
| PANKLIN
GREENE
JEF Ft RSON
LACLEDE
LAUEENCE
#CDONALD
OSALL
CULASE |

el ACH

UL IE NAVER CAVe,

1SONS CAVE

BUCKNER SPKING CAVE

00 CAVE

VOLF HCLLUL CAVE (ARMINE BPANCH)

DOONES CAVE

ROTAT0 CAVE

UNKNCUN

COAL CANP CRVE

FLIPPIN CAVE

BAT  CAVE

SALT PETER CAVE

BAT CAVE #3

LONE MILL ONYX CAVF

LOuU UATER ¢RIDCE

PLYASANT VP LLEY CAVF

ULINAPES CAVE 08

RUALK CAVE "g¢)

HZNSCit CAVE

WIVEP CAVE (VELUNNE YIRS )

NMuEN CAVE o

NRNUN CAVE a2

02

21s

2m

t 1 2]

27

2.

b2/

10

o320

028

(11}

0s2

056

(L1}

085S

075

0%e

ore

(J 1}

oan

e

SURVEY TO DETENKINE et DS
SURVEY TO DETERMINE NES DS
SURVEY 19 DETZRMINE NLLDS
SURVEY T O DETFRMINE NEF DS
SURVEY T O OFIFANINY NEFDS
SURVEY T O DETERMINE NLFDS
SURVEY TO DETENRINE NEFDS
SURVEY 30 DETERMINE NEFDS
SURVEY TO DETERMINE NEF DS
SURVEY T O DETERWINE NEEDS
SURVEY T O DETERMINE NEY DS
SURVEY .30 DETERMINE NEF DS
PLCA, SIGN ONLY

REGATE

SURVEY TO DFITRMINE NEFDS
MOVIFY GAIE, OR FEICE
PLCA, FFNCE

fLCA

SUNVEY 1'1 DF TF.AM HIF NEF DS
FLCA, ST 50 nNLY

SUAVE ¥ 10 DFTFAN JHF NE? S

PLCA, S1tt ONLY

TVA

KkNPC

CNPC

KNPC

KNPC

ENPC

ENPC, USFUS, OR TV A

KNEFC

noc

MDC

not!

noc

roc

Mhe

roc

UsFs

roc

¥oC

MOC



o¢

HIZSCUL]

HISSOUR]

ORLANOHA
OKLANOHA
OKLANWONA

OKLAHOHA

TENUNESSEF

TLLNESSEE

TLINESSES

TLUNESSIF

TLI.NESSF

TELNESSEF

TEINESSEE

FENNESSEL

TLUNESSTE

TELNESSIL

. TEIW;ESSI.J.

JERNESSLL

TERNESSTE

TCHNESSEL

TEINIESSLE

OKLANOMA

stont.

TERAS

ALALH

RDA IR

DELAVANRL

DELAVARL

DF.LAVARE

CAHPBELL

CANNLON

CLA | HORMY:

DECATUR

LECATUR

FRAMKLIN

CELELE

HICKHAR

JACKSON

PORTCIMINY

OVERTON

PERLY

PERERY

KODL AT SO

STS LLIOUSE CAVL
BAT CAVE

ADASF PAT CAVE
71111t.E FORKS CAVE. (&)
NOEELATS CAVE
TALKCET CAVE

TN CAVE
RATTLING PIT CAVE
MLREDITH CAVE
ESILY CAVE
SThTIONCREER CAVE
BAULUS CAVF
SUALLOV BLUFF CAVL
PEUNINGTON CAVE
ancih CAVE

ONLY SALTPL.TER CAVE
WABLE CAVL
COLE PAN CAVE

hOl: INSOM CAVL
BLONING CAVE 00
SHUl 1 CLELY. CAYY

DRY Chvf

100

10

i

an

150

222

175

12

223

)0

m

717

220

SURVEY 10 DETEHMINE Nit DS

SURVEY 10 DETFRMINE  NEEDS

MIIN, CATES, LDCK, RESTH TIAFP

PLCA, S1GN ONLY

PLCA, SIGN, GATE

PLCA

FENCE OR REGATE, SIGN
SURVEY 7 O DETERNINE NELDS
PLCA, WODIFY GATE

SURVEY 7 O DEYERMINE NEELDS
SURVEY T O DETERMINE NEFDS
SURVEY TN DFTERMINE NEFDS
SURVEY 7 O DETERMINE NLEDS
SUKVEY TO DETERNINE NEEDS
SURVEY 70 DETERMINENLYDS
SUNVEY TO DETEANINE NEr OS
SURVEY Tn DETEANINE NLIDS
SURVEY TO DETERNINE NRHDS
SUAVE 7 10 DETERNIIN NEt DS
SURVEY 10 DETEANINE NUI DS
SURVEN 17 DETEAPINE NEHES

SURVEY TO DETERMINE NEEDPS

we
Ly
ones
oKPUC, USFUS, OR Uk
opuc
usc s

- ORDVC
TURA, USFUS, on TVA
TUAA, USFUS, UR TVA

TURA, USFUS, OR TVA
TWRA, USFUS, O/ TVA
TURA, USFUS ,OR TVA
TURA, USFUS, ON TVA
TURA, USFVS, OR TV A
TURA, USFUS, OR T V A
TURA, USFUS, OR TVA
TWRA,USFUS, 0p TVA
TURA, USFUS, OR TV A
TURA, USFUS, OR 1VA
TURA, USFUS, 00 TVA
IVRA, USFUS, 0 n TVA

TURA,USFUS, O TVA



LE

TLUNLSSLE

TEENFSSEL

TENNESSE &

TENNESSE |

TLNHESSEE

SHLTH

SULLIVAN

JAYHE

uHITE

VILSON

Neb PIPER CAVE

HOKRELL CAVE

ICE CAVE

WARD CAVE

GALLATIN CAVE

213

b} )

SUMVEY t 0 DETERMING NED DS

SURVEY T O DETERMINE NIV DS

SURVEY T O DETERMINE NFt DS

SURVEY 10 DETIERMINE NEYDS

SUNYEY T O DETERMINE NELDS

IUNA, USE ¥S, UK TVA

TURA, USFUS, OR TVA

TVRA, USINS, OR TVA

TURA, USE US, OR TVA

TYRA, USFUS, O N USACE



8¢t

TARLE W,

S10TF.
ALKGAMA

ANRANSAS
fLUR DA

ILLINOLS
KENTUCKY
KEMIUCK Y
KLLTUCKY
KELTUCKY
KENTUCKY
KLKTUCKY
KEHTUCKY
KLHTUCKY
KENTUCKY
KENTUCKY
RENTUCKY
KENTUCKY
KELILOLY

MISSOUR}

PRIORITY® CAVES FOR CHAT CATS.

county

FARSHALL

12A00

JACK SON

PIKE

ADR IR

ADAJ A

CALDuELL

CARIER

CHRISTIAN

FOHONSON

FLHONSON

f PHONSON

JESSANINE

WEADL

PULAZKE

TAYL.OK

CANDEN

CAVE NMVE

CATHEDRAL CAVEENS

NERGPAN CAVE

BUSH CAVE

TUIN CULVERT CMVE

SAlt 1HOMAS CAVE

TODDS CAVE

NILL BLUFF CAVE

BAT CAVE

CAMPRLLLS CAVE .

MDY COLLIKS ChYSTAL ONYX CAVE

D IXOM CAVE

HARKCTH CAVE (HISTOD )

BELT CAVE

NEKNIT CAVE

HOLGANS CAVE

SLOARS VALLEY ChVi’

SALTPLTE kUavt

B || CAVL

C ENTPANCE) 254 L]

INDEX IRTY
192 [ ]
200 ]
208 ]
112 L]
29 &
268 L
203 L]
266 ]
m ]
27 L]
2359 L]
256 [ ]
251 L]
362 L]
280 L]
26) l.
012 ]

NONE

NONE

NONE

NONE

NONE

NONE

NONL

NONE.

NONE

PRUTECTION NEELS

MOLIFY GCAIE

HONE.

hott.

HONE

REC HGMT ALENCY

ALDOC OR USEFUS



NISSCUN]  CRANEOKD  ONOMECAUA CAVE oee 8 2 Mo L
MISSOUR]  FRANKLIN  BAT CAVE | | s & 3 NONE
PISSCURY  HENRY KHISELY QUARKY o e 9 NONE
NISSCURT  WICKOMY BAT CAVE 02 o s NONE
NISSCURE  MICRORY OAT CAVEN 73 & NONE
MISSCURD  LACLEDE PAVES CAVE 02 ae o 1 NONE:
_ RISSCURT  PULASKI ARUCE CAVE T I NONE
HISSOUN]  SHALON WiND CAVE 192 & NONE
MISSCUEL  ST. CLAIF  LIME KILN CAVE 103 & 1 NONE
‘___(;;u"o”' CHEROKEE  ETTA CAVE 29 & 2 HOME
w ~.,
© TEMNFSSEL  BLEDSOF PATICH CAVE 15 e« 1 PLCA, SIGN ONLY TURA, USFUS, OR T V A
TEUNESSEE CHEATHAN  MEBTUNF SALTPETER CAVE 00 & 1 NONE
TENNESSEE  GRAINGER  £OON FAVE 12 e« 9 NONE
TENMESSEE  GRELNE CEDAR CREEK CAVE. 151 8 3 NONE
TENNESSEE  BANCOCK NOCKHOUSE CAVE ny & 1 NONE:
TELNESSEL  KNOX ULOV 1NG HOLE CAVE 1% « NONE.
TEMESSEE KoK HUD FLATS CAVE 218 & 9 NONE
TLIMESSEF  HOORE JACK  DANEED  CAVI | 1% 8 7 NONE
TENNESSER.  SLQUATCHIL  WILI'CIH CAVE 01 e« HoI, TWA
TENNESSIE  SHITH JOHN FISHE) CAVH 20 & 2 NON}
TELHESSEE  uWHIE BAKLP CAVE 208 . ? 0Nt

TImesst 1 uitiie VASKELL 5 IKS ChVE 24 L] y HONE.



oY

JENLSSIE

VIRGINIA

VIRGINIA

VIKGINIA

VIRGINIA

VILGINIA

VHITE

LFE

LEE

LFE

LEE

SCOTT

ROSE CAVE

GIUVSCN-FRAZ 1ER CAVF

LITTCN CAVE 8}

NORRELL CAVE

TRITT CAVL

GRIGSPY CAVE

225

218

215

NONE

NONE



TARLE O,

ST AT
ALABAMA
ALABAMA
ALABANA
ALABAMA
ALADAMA
ALABAKA
ALABANA
ALABANA
ALABAMA
ALREAMA
ALABAMA
ALABANA
ALAE AMA
ALABAMA
ALAEAMA
ALAB AVA
ALPEAMA

ALALAKHA

GRAY AATCAVES IN ALAI AMA.

TouNTY

CCLLENT

CONECUNH

JACK SON

JACK 5018

LADGERDALE

HARSHALL

HORGAN

COLEENTY

DEKALD

DFKALR

JACK SOH

JACK SON

LRUDLADALE

Linesiont

HWoison

HARSHALL

HAN SMALL

HARSHALL

CAVY. NAYE

CEONGLTOVN CAVE

SANDERS CAYE ( TURK )

FERMN CAVE

SAUTA CAVE

KEY CAVE

HANLRICK CAVE

CAVE SFRINGS CAVE

ARLLP TAVE

LYEES CAVE

POKTERSVILLE BAT CAVE

GROSS SKELETON CAVF

ITRE CAVE

BLOW I0G SPk INGS CAVF

N0 | AU CAVF

SINLTA CAVF

DARIAL CAVE

GULTELSVILIE CAVESRD &

K LiG*S SCIGOL CAvt

INDEX ERTY S)G

198

29

170

138

180

15

188

152

J O

157

17

mm

190

210

139

1

2

PROTECTION NEEDS
HOREFY FENCE
PLCA, 1/72GATE
PLCA, SICN ONLY
PEGULAR PATROL, YA INTENANCE
FENCE
FENCES, SIGNe
FENCES, SIGNe
PLCA, SIGN  ONLY

#LCA, FENCE

“PLCA, SICGN ONLY

SIGN ONLY

PLCA, SICN

PLCA, SIGN ONLY

FENCE®, SIGH

KEPLACE GATE VITH FENCK, SIGHS

PLCA, SIGN ONLY

PLCA, SICN ONLY

STOP CONTAMINATICH SOUNCE

REC MGHT AGENCY
NPs
uscys
UsStus
uscys
TURR ON TVA
ALDOC ON TV A
UsFus
ALDQOC, USCYS, OR TVA
ALDOC, USFUS,OR TVA
ALDOC, USFUS, 0 n TV A
ALDOC OR TVA
ALDOC, USCYS. OR TVA
ALDOC, usFus,oR TVA
ALDOC Of TVA
NSS
ALDOC, USFUS, OR T V A

ALPOC, USFUS, OR TVA

ALDOC



ALABAMA

ALABAMA

ALABAMA

ALABRBA

ALAI' AHA

ALADAMA

ALABAMA

ALAGAMA

ALABAMA

ALABAKA

ALABAMA

ALAB AMA

ALAUAMA

ALABANA

ALABANA

ALADAMA

ALABAKA

ALAULAMA

HARSHALL

SHELDY

COLBENT

DEKALD

JACK SCN

JACKSON

JACK S0

LAUBERDALE.

LAUDERDALE

HADI SUM

HARSHALL

HARSHALL

HARSMALL

MARSHALL

HORGAN

PORGAN

HORCAN

HARSHALL

OLD PLOVIIK CAVE
AHDERSCN CAVE
?.CKINNC' CAVE 02
STANLEY CARDEN CAVE
HORSESKULL CAVE
LITTLE MAT CAVE
ORCE STVELLS CAVE
PAT CAVE

COLL 1ER CAVE

NERING CAVE (CAVE SPRING)
81 SHOP CAVE

HONE YCCHB CAVE
KINGS SPRING CAVE
LEDRETTER CAVE
HUGHES CAVE

TALUCAM CAVE

NOUDY CAVE

CATIE URAL CAVELNS

100

210

193

17

167

107

179

197

192

PLCA, SIGN OnLY

PLCA, SIGN ONLY

SURVEY T O DETERMINE NEFDS
SURVEY T o DETERHINE NEEDS
SURVEY T O DETEAMINE NEFDS
SURVEY T O DETERWINE NEFDS
SURVEY T O DETEAMINE NEEDS
SURVEY T O DETERNINE NEEDS
SURYEY TO DCTCRMJIMC NEEDS
SURVEY T O DETERMINE NEEDS
SURVEY T O DETERWINE NEFDS
SURVEY T O DETERMINE NEFDS
SURYEY T o DETEANINE NEYDS
SURVEY T O DETERMINE NEYDS
SURVEY T O DETEAMINE NEKDS
PLCA

SUNVEY T O DETEANINE NEVDS

NONE

ALDOC, USKNS, OR TVA
ALDOC ORUSJYS

ALDOC, USCYS, OR TVA
ALDOC, USF¥S,OR TVA
ALDOC, usr¥us,or TVA
ALDOC, USCYS, OR TVA
ALDOC, USF¥S, OR TVA'

ALDOC, USFUS, OR TVA

ALDOC, USPFUS, OR T Vv A '

ALDCC, uSFWS, OR TVA
ALDOC, USCYS. On TVA
ALDOC. USFUS,ORTVA
ALDOC, USFUS,ON TVA
ALPOC, USCUS, OR TVA
ALDUC, USFUS,O0R TVA
ALDOC, USFWS, OR T\ A
ALDOC, USFNS, OR T V A

ALDOC OR USEUS



TARLE | b .

STATE

ARKANSA S

ARKANSAS

ARFANSAS

AHKANSAS

ARLANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARFANSAS

ARRANSAS

AKFANSAS

ARRANSAS

ANRKANSAS

ARKANSAS

ARMANSAS

AREANSAS

ARKANSAS

GRAY BAT CAVES INAREANSLS.

COUNTY

CAXXEH

BENTON

INDEPENDEM

PAXTER

PENTON

BENTON

DENTON

BENTOMN

POONE

CARROLL

THDEPENDEN

MAD ] SON

NEUTON

NFUTON

HUTON

REMTON

SEANCY

SEARCY

CAVE NAME

BONANIA CAWC

LOGAN CAVE

BONE CAVE

O L D JOE CAVE ( BAT )

CAVE SPRINGS CAVE

CRYSTAL CAVE

PIGEON ROOST CAVE

HAR EAGLE CAVEAnS

BRENER £AVE

BENNETT CAVE

WANK INS CAVE

NOASEINILF CANE ] BFNNEY )

JHDEX PATY
08 )
016 1
00y 1
oo a
o1 2
ol 2
019 a
021 a
208 2
an 2
rL1) 2
oin 2

CAVE HCUNTPIN C A V E (BAT, 8CILLY) 00) 2

DIAHOND CAVE

JOHN ECDINGS CAVE

LITTLE LEAR CAVE

CRAME CAVE

FALLCUT C A V C

02 2
e1s 2
R L]] 2
208 2
[N 2

51G

PROTECTION MCCDS

MODIFY GATEe

PLCA, 172 GATE

PLCA, 1/2 GATE

PLCR, 172 GATE

PLCA, SICN ONLY

FENCE®, SICN

FENCE, PREVENT FLOODING

PLCA, 3/2GATE

PLCA, 3/2GATE

PLCA, 3/2 GATE

PLCA,: FULL GATE

PLCA, 3/2 GATE

PURCHASE ¢, FENCE.

PLCA

FENCE

PLCA, 1/2 GATE

FENCE

FENCE

REC WGMT AGENCE

usrs

AGFC on USFUS

AGFC OR USCYS

AGEFC OR USFUS

AGFC on USFUS

Aere on USCYS

USACE

are on USCYS

ACFC OR USFUS

aerce on USCYS

atc on USCYS

AGFC on USFuUS

AGFC on USFuS

AGFC on USFuS

NPS



ARLANSAS

RREANSAS

ARKANSAS

ARKANSAS

ART ANSAS

ARTANSAS

AREANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

ARKANSAS

SC ARCY

SHARP

SUAn?

STONE

sTONE

S10NE

STONE

STONE

STONE

STONE

STOMNE

BOONE

BOONE

PETEN CAVE
BLAGG CAVE (CENTER)

OZARK ACRES CAVE

BALD SCRAPPY CAVE (ALLISON)
BLANCIARD SPRINGS CAVERNS
CAVE RIVER CAVE

HELL creex CAVE

JOE ERIGHT CAVE

OPTIFUS CAVE

HORY CAVE (WITCHELL)
ROULAND CAVE

SILVER VALLEY PINF

VET CAVE

PERGMAN CAVE

)

g

"

an

FENCE
PLCA, 171 CATE
PLCA, 171 GATE

172 GATE

FULL FENCE, GATE, AVOID OF STUR

PLCA, 172 GATE

TLCA, 1/3 GATE

PMLCA, 1/2 GATE

171 GATE

PLCA

CULL GATE

MAINTAIN

SURVEY T O DETERNINE NEFDS

NONE

AGFC OR USFiUS

AGFC on USFus

usrs

UsFs

AGFC OR Usrus

AGFC OR USFuUS

AGFC on USFuS

Usrs

AGFC On UsSFuS

usrs

AGFC o n USFUS



TAFLE | | .

STAT

FLCKIDA

f LCRIDA

FLORIDA

FLOR DA

FLOR1IDA

FLORIDA

FLOR IDA

FLOR DA

GRAY BAT TAVES IK FLORIDA,.

COUNTY

JACK SON

JACK SON

JACK SON

JACK SON

JACK SON

JACK SON

JACK SON

JACK SOt

CAVE NAME

GEROVES CAVE

GIRARDS CAVE

JUDGES CAVE

OLD INDIAN CAVE

FEARS CAVE

RIVER CAVLE

SHEADS PAT CAVE

BUSH CAVE

INOER TRTY SliG

08 1}
207
208
205
209
292
9

PROTECTION NEEDS

PLCA, SIGN ONLY

PLCA, FENCE

PLCA, FENCE

FENCE, REMOVE GAIES

PLCA, SICH ONLY

SIGNS ONNLY

PLCA, SIGn ONLY

NONE

ncc MGHT AGENCY

rin

usrus

Usrus

4

fFL

FL

fL



TARLF 12. GRAYEAT CAVES BN GEORCIA,

STAIE COUNT Y CAVE NAPE INDER PATY S| C PROTECTION N C C D S REC NGHT AGENCY
GECRGIA oLy VEATCHS CAVE Jo0} J SURVEY TO DETFERMINE NEEDS TVA
GEORGIA POLK WHITERIVER CAVE L]} ) SURYEY T O DETERMINE NEY DS ™A



TAPLE 13. CRAYBAT C AV E S INILLINOLS.

LIMIE county CAVE lArY. JHOEX FRIY S | G PROTECTION NEEDS REC MGHT ACFNCY

JLLEINOIS  HARDINM CAVE SPAING CAVE (§ ] 1 L] PLCA, GATE ‘L OR USFS

ILLINCIS  FIKE TUIN CULVLRT CAVE 112 L] ? NONE



JAPLE In. GRAYPAT CAVES INKANSAS,

STATE COUNTY CAVE NAME INDEX FRTY S1G PROTECTION NEEDS REC MGHT AGFENCY

RANSAS CRANFORD STOH)F SENER Joo 2 2 NONE PITISBUNG



TAMLE 3. CRAY BAT CAVRS IN KENTUCKY.

STATE

ERNTUCKTY

KgaTUCKY

KENTUCKY

KENTUCKY

manucy

ERNTUCKY

xENTUCKY

KENTUCRY

KguTUCKY

sENTUCKY

KENTUCKY

EEZNTUCKY

RENTUCKY

zenrucxy

counvy

ALLEN

Jassaming

JRasanimg

R {10

ALLEN

aixton

HARY

JESSANI 2

NELSOM

rulasxl

TRICE

GARRAND

NART

cave ane
NOLLAND €AV
JESSE JANES CAVE
CORTEMANS CAVE
OVERSTRERT CoAvE
©o0L SPRINGS CAVE
Jouss cave
AN
TENPLE NILL SALTPRTER CAVE
CANEY BRANCH CAVE
€OACH CAVR (RUNDARD BOME)
LoMa CAVE
AYORRS MIIL CAM
o Jegeled pom'sCint
SURGESS CAVE

SLOWNING CAVE

fuoex PatyY

260 1 a
209 ]
369 I
i
12 1
261 |
m a
137 2
1 2
i 1
M 2
267 a
140 a
233 a
1) 2

1soMg CavE

SUCKNER SPRING CAVE

173 ]

m 3

PLCA, CATE, 2l0NS

PLCA, MOBIPY CATR

PLCA, GATE, SICNS

PICA, GATE, BICN

PLCA, GATE, 81CNS

PLLA

nca

ONNER COOPERATION

PICA, CATR

PLCA, MODIFY CATIS

PLCA, MODIFY CATE

PLCA, CATE, S1CW

PLCA, CATE, SIGNS

SURVEY to DETEAMINR NEEDS

SUAVEY TO DETERMINR NERDS

YWrC, USVNS, Ok TVA

KNPC, WSPUS, OR TVA

XuPC, Usris, oa TVA

KNPC, WSPUS, 68 TVA



ARKANSAS STOME

roaisa JACKSON

noaipa Jacuson

r.oatA Jacuson

KENTUCKY  ADAIR

IENTUCKY  ALLEN

UENTUCKY  EntONiON

KEENTUCEY  MART

RENTUCKT  JESsSAMING

KENTUCKY  mELSOW
KENTUCKY  PULASKE
KENTUCKY  TRIGG
nigsovas

AGRLANS CAVE
fEARS CAvE

Rivea Cave

SMEADS 8AT CATS

sTom sevie

Jouss cave

o

TOPLE NILL SALTPETER CATS

CANEY BRANCN CAVE

COACH CAVE (WniDaEs BoMg)

o cavg

BIDERS NILL CAVE

BANIEL BOOKE'S CAVE -

WCESS Cavs

BLOVING CAVE

851G SVLIUR SPRINGS CAVE (IR S
asmes cave

B0ONE CAVE

SEVIL'S ICENGX CAVE

HOLTOR CAVE

300

131

348

UL cATR

PLEA, SICH WV

nea

ouNER COOPSRATION

PLEA, CATR

#ICA, MOBINY CATSS

MOBETY CATE

CATE, S1CNS

PCA, CATE, SICH

PLCA, GATE, SICNS

PLCA, B1CH OLY

HCA, BICH o Ui

sice ony

PLCA, PICH OMLY

n

n

PITISINGG

am oa-wsrvs
wC, Usrvs, a2 TVA
EWPC 64 USIVS

wsre

wsrs

wre

ENPC OR WSPUS

RWrC 08 WSPUS

Wee en USNS

e

RWPC, USPVS, 88 TVA
mwe

we

om



TABLF | L .

STATE

Nissoun)

MISSCUR]

Hisscrl

NISSCuUnl

NISSOUR]

MISSCUR]

MIZSOUR)

NISSOUR]

RISSOUR J

nisscual

HISSOURY

rISSOUR)

HISSCUR]

NISSCUR)

RESSOUN )

NISSOURL

MISSCUKk}

HISSCUR1

CHAY BAT CAVES K MRSSOUNT -

COUNT ¥

CAHDEN

CAMDEN

DENRT

FRANKRLIN

HICKORY

LACLEDE

FULASK ]

STONE

STONE

TANLY

LENTGH

BOONE

POONE

HONNE

LOONE

| OONE

CAMDE N

CAVE NAKE

HAUSS CAVE

HOLES CAVE

BAT CAVE

ROARING SPEINGS CAVE

BECK CAVE

COFF IN CAVF.

INCA CAVE

CHINNEY CAVE

WARVEL CAVE

SALT FETER CAVE

TUNMLIKG CFEEK CAVF

ESIES OAvE

BOONE CAVE

DEVIL'S ICFPBOX CAVY.

HOLTICN CAVF -

HUNTERS CAVE

LEVLRS AMD CLARMN CaVE

ADK J NS CAVE

INDER PRTY
[ B 1] 1
022 1
(1} ] |
(11 1
82 1
(1% 1
092 2
09y 1
108 1
105 |
107 1
o a
02¢ 2
o022 2
02% 2
O h 2
028 2
023 a

PROTECTION NEEDS

PLCA, SIGN ONLY®

BLOCK ROAD, FENCE, SitNe

PLCA, CGATE

LEASES, SIGNe

FENCE®, SICNe, LEVEES

FENCE®, SIGNe

FENCE®, SIGN®

ROAD BLOCK, SIGN

MAENTAIN, SIGN ONLYe®

PLCA, FE NCE

GATE®

PLCA, SIGN ONLY

PLCA, SIUN ONLY

SICH ONLY

PLCA, SIGN ONLY

PLCA, CGATE

PLCA, FLNCE, ECPIL GMIE

PLCA, GATE

REC HGHT AGENCY

HDC

HOC

tws

MDC AND SDC

usrs

ouL

HDC

HOC

MDC DR DNR

usrus

MoC



KISSOURT
MISSOURT
NISSOURT
nISSCUK]
WISSCURT
NISSOURY
MISSOURT
NISSOURL
NISSOUKT
®ISSCURT
HISSOUAL
WISSCUR )
HISSCURT
NISSCURT
»ISSOUR]
NISSCUR]
HISSCUR1
NISSOUR]
NISSOURT
HISSCUNT
MissouRl

MISSCUP)

CAHULEN

CAMDEN

CAMULEN

CAHDEN

CAHDEN

CAMDEN

CAMDEN

CARTER

CUR1St1 AN

COLE

”

CRANFORD

CRAVFORD

CRANFOND

DADE

DALLAS

DALLAS

DALLAS

FRANKLIN

tAANKLIN

FRANKLIN

HICKORY

JASPLR

CANRCLL CAVE

FIERY FORKS CAVE

GRANCPA CHIPPLLY®S CAVE

HANNAN CAVE

LOVER PURNT MILL CAVE

PRATRIE HOLLOM CAVE

RIVER CAVE -HA HA TONKA

COAL BAMK CAVE

AANTZ CAVE

UNNAPED CAVE f a

ONYX CAVE

SALUCH CAVY

TUENTY-THNEE DEGRE f CAVE

MAZE CAVE

CAT WOLLOW CAVE

HILDERPRAND CAVL

NCKEE CAVE

BAT CAVE §2

FISHER CAVE.

TUIN SPRINGS CIVE
BLACRMELL CAVE

CO0).MCOK CAVE

o

(B 1]

036

(2}

(OON]

117

on?

050

851

(1}

957

[ 13}

PLCA, MODIFY GATE

NONE

PLCA, GATE

PLCA,SIGN ONLY

PLCA, FENCE

PLCA, SIGN ONLY

GATE, SIGNe

BLOCK ACCESS ROAD,SIGNe

PLCA, SIGN ONLY

PLCA, FENCE

MAINTAIN ,GATES, S ICNe

3/2 GAIE, 31GN®

PLCA, FENCE

PLCA, F ENCE

PLCA, CATE

PLCA, GATE

PLCA, GATE

PLCA, FENCE

MAINTAIN, INPROVE GATE

SIGH ONLY

PAINTAIN, 1/2 GAIE®

PLCA, CATE

H

H

HDC

USACE

USACE

usrs



NISSCUR]

NRISSOUR]

NISSOURE

NISSOUR1

N1SSCUR]

NISSOUR]

rISSOUR]

NISSOUR]

H15S0UR]

HISSCUR]

MISSOUR]

nissount

MITSCURE

HISSOURD

HISSCUR]

NISSCUR]

nisscunl

NISST UL

SHANNON

UASHINGTON

uAIcNY

BENTON

AENTON

CRAUFORD

OALLAS

FRANKLIN

FRANKLIN

GREENE

JEFFEASON

LACLEDE

LAURENCE

FCOONALD

OSAGE

PULASKS

PULASKL

siont

TERAS

CANDLN

CHAMNFORD

FEANrLEN

ROUND SPRING CAVE
GREAJ SCOTT CAVE
SHITILE  CAVE
COAL CANP CAVE
FLIPPIN CAVE

BAT CAVE

SALT FETER CAVE

CAT CAVE #)

LONE H | L L ONYR CAVE
LOM WATER BRIDCE
PLEASANT VALLEY CAVE
UIINAFED CAVE 08
RUARK CAVE ¢)
HENSCN CAVE

RIVER CAVE (VELCHMLYER®S )
BROUN CAVE 01

BROWN CAVE 82
STILLIGUSE CAVE -
BAT CAVL

BUNCH CAVE
OHONDACA CRVE.

TAU CRY 01

0s2?

(13

"

(2]}

(2] ]

120

106

on

153k

MD VISITONS, CHANGE GATE

HAINTAIN,GATES,SICNe

PLCA, GATE

SURVEY T O DETERMINE NEEDS

SUNVEY T O DETEANINE NEEDS

SURVEY T O DETERMINE NEFDS

SURVEY TO DETERMINE WEF DS

PLCA, SIGN ONLY

REGATE

SUNVEY TO DETEAMINE WEEDS

HODIFY GATE, OR FENCE

PLCA, FENCE

Lca

SURVEY TO OETERMINE MLFDS

PLCA, SIGN ONLY

SURVEY T O DETERKINE NEFDS

PLCA, SIGN ONLY

SURVEY T O DETERMINE NEVDS

SURVEY TO DETEAMINE NEF D S

NONE.

NONL

NONE

wc

usc us

g

g

3

g

usrs

g

3

H

H



MISSCUR]
M15SCURD
MISSOUR]
NISSOURT
MISSCUK]
NISSCURT
MISSCURT
MISSCUR]
MISSCUR]
H1SSOUR]
MIESOUN]
MISSCUN]
N1SSOUNT
M1SSOUL)
N1SSCUR]
HISSCUR]
PISSOUR]
H1SSCUR]
NISSOURL
M15SOURT
HIZSCUND

HISSCUR]

LACLEDE

LACLEDE

LACLEDE

LACLEDE

HARIES

MILLER

HILLER

PORGAN

OREGOH

OREGON

OZARK

FULASK]

PULASK]

FULASK]

PULASKI

PULASKI

PULASK

HALLS

RL.YHOLLS

SHANHON

SHA HNON

BAT CAVE

HARY LAUSON CAVFE

MAYF JELD CAVE

SUAMEL CAVE | DHEV )

INDIANFORD CAVE

OAT CAVE 88

HCLOVELL CAVE

DRY BRANCH CAVE

PAT CAvVE

BIG HOUTH CAVE

BAT CAVE

FRANKFCRD CAVE

DAT CAVE n

BAT CAVE 02

FREEPAN CAVE

P JQUET CAVF

TUNNEL CAVE

VINDRY CAVE

FISHER CAVFE

COUMS CAVE

BAT CAVE

HAHT IN CAVE ENIRANCE 02

(2]

(1

omn

[ 2 1)

o0

09s

097

PLCA, GATE, BLOCK ROAD
PLCA, GATE

GATE

PLCA, SIGN ONLY

eLCA

sicNe

PLCA, FENCE

PLCA, GATE

PLCA, GATE

PLCA, SIGN OWLY

M INTAIN, GATES, S IGN®
PLCA, GATE

PLCA, GATE

PLCA, SIGN ONLY

RESTRICT ACCESS (CLOSE POAD )

PLCA, GATE

PLCA, GAIE

PLCA, SIGN ONLY

PLCA, S 1GH ONLY

PLCA, FENCE

PLCR, GATEL

PLCA, fENCE

MOC ON USFUS

hoC

usrs

3

g

USFS

Usrs

UsSFs

HDC

MDC OR USFS

MoC

u.3. AlnY

Usrs



PISSOUR]
nissounl
2ISSCUR]
MISSCUR1
HISSCURT
nisscunt

NISSCUR]

HICRONY

HICKORY

LACLEDE

PULASKI

SHANNON

ST. CLAIR

KNISELY QUARRY

BAT CAVE 01

BAT CAVE 02

DAV1S CAVE @2

BRUCE CAVE

VIND CAVE

LINF RILN CAVE

on

(23

072

90



JAELE 17, GRAY PAT CAVES IN OKI.AllO‘ifh.‘

STATE

ORLAHCHA

COKLAHONA

OKLANONA

OKLANOMA

OXLAHOMA

OKLAHOMA

OKLAWOMA

OK LAWOKA

OMLANOMA

COUNTY

DELAVARE

ADALR

DLLAUARE

DELANARE

ADALR

ADAIR

DELAVARE

uc LAVARE

DELAVARE

CHEROKT.E

cart NMLBL
STANSPE RRY*S CAVE
CHAMLEY OWL CAVE
LINDA PEAR PAY CAVE
SPAVINAU BATY CAVE
ADALIR PAT CAVE
TUKEE FORKS CAVE (®)
ROUF ATS CAVE
TALBORT CAVE
TUIN CAVE

ETTA CAVE

—

INDEX CRTY S1G

121 1 2
1 2 2
1 2 =
1s 2 2
110 3 2
11 b | [ ]
120 3 1
122 3 W
11) b} 2
299 &

PROTECTION NEEDS

PLCA, SIGN, GATED®

GATE

PLCA, SIGN ONLY

SIGNS, NESTRICT RESEANCH

WNTN, GATE®, L OCK, RESTR TRAFF

PLCA, ST1UN ONLY

PLCA, SJUW, GATFE

PLCA

FENCE OB REGATE, SIGN

REC HGHNT AGENCY

OVNERS

usrus

CHCS

ORDWC, USTUS, OR DM

oKbuC

UsFus

OoKRDUC



TACLE 16, GRAY BAT CAVES 1IN TENMNESSEE.

STATE COUNTY
TLHNESSEL C L A 1B0RNE
TENNESSFE  DEKALR
TENNESSEL  CRAINGER
TENNESSEE  NAUKINS
TEMMESSEE  MAR JDM
TENNESSEL  MONTGOMERY
TLUNESSEE  STEMART
TLUMESSEF  UNION
TEMNESSFE  WARKEN
JEMIESSEE  PEDFORD
TEUMESSEE  CAMPBELL
JLNMESSEE  CLAY
TENNESSEE  DECATUR
TELUESSEE  CEKALB
TLNMESSEE  FRANKLIN
TENNESSER  FRANKL 3G
TELNESSEN  GRUNDY

TENNESSEE  HAUK]INS

CAVE. NAKE

UHITE CUJS CAVE

CRIPPS MILL CAVE

INDJAN CAVE

PEAR SON CAVE

WJCKAJACK CAVE

BELLANY CAVE

TOBACCOPORT SALIPE TER CAVE

OAKS CAVE

HIDBARRS CTAVE,

SHEPFAN CREEK CAVE .

minis DAM cart

MARAHAH CAVE

FEATHERFOOT CAVE

GIN ELUFF CAVE

CANEY HOLLOW CAYE ~

HOOB S DAN

TRUSSEN L CPVE

HOLNER CAVE

INDEX FRTY SIG

183

158

163

(31

1

20%

183

23

12

1,2

PROTECTION WEEDS

PLCA, SIGN ONLY

PLCA,SICH ONLY

PLCA,¥/2 GATE

PLCA, SIGN ONLY

FENCE®, S]IGNe

COOP AGREE®, SIGN®, FENCE®

PLCA, FENCE, SIGN

SIGMN ONLY

PLCA, 173 GATE

PLCA

FENCE®, SIGN®

PLCA, SIGN ONLY

FENCE

PLCA

PLCA, SIGN ONLY

COOP AGREE®

FLCA, SIGN ONLY

PLCA

REC MGNT AGENCY
TURA
TURA
TURA OR usfus
TUBAOR usfus
TURA OR 1LA
THURA
TURA
TURA
usrus
TURA, USFUS, OR TV A
TURA on TVA
TURA, USFUS, OR TVA
TURA o n TVA
tuna. usfus, on TYA
TURA, USFUS, 0 n TVA
TURA, USFUS, OK TVA
TURA,USFNS,OR TV A

tuna. usfus. ORTVA



TLINESSEE
TEENESSEE
TEUNESSEE
TENNESSEL
TEUNE SSEE
TENNESSEE
TENNESSEE
TENNESSEE
TENNESSEE
TENNESSEE
TERNESSEE
TENNESSEE
TENNESSEE
TENNESSEE
TEUNESSEE
TENNESSLE
TENNE SSEE
TENNESSEE
“YEMMLESSLE
TLINESSEL
TLUNESSEE

TEUNESSEE

HICKHAN

JACK SON

(YL} }

LINCOLN

HAURY

rElIGs

HEIGS

MF1GS

FERRY

PUTHAN

RHEA

AUTHERF ORD

SHITH

SHITH

UHION

CAMPBELL

CANION

CLATRORNE

DECATUR

DLCATUR

DAT CAVE

DUD*S CavE
DALONEY CAVE

OAT CAVE
BENDERMAN CAVE
BLYTHE FERRY CAVE
EVES CAVE
SENSADAUGH CAVE
lltl;ﬂntl CAvVE
AHENT CAVE
CRASSY CREEN cart
HARR 1S CAVE
NERRING CAVE
BRINGEUATER CAVE
PIPLR CAVE

LOS? CREER CAVS.
RATTLING PIT CAVE
MEREC 1TH CPVE
ESVEY CAVE

STAT JON Caf EK CAVF ©
m u m s CAVE

SUALLOV BLUFF CAvE

10
208
s
1
203
1
11
100
160
1
m
13
102
207
100
222
29
150
221
mn
Ib2

163

COOP AGREE*, SIGNONLY®
PLCA

PLCA. FENCE, SIGN

P, SIGN ONLY

PLCA

FENCE, SIGN

SIGN ONLY

PLCA, SIGN ONLY

PLCA. /2 Cc m

PLCA, SIGN ONLY

PLCA, SIGN ONLY

PLCA, SICN ONLY

PLCA

rLCa

PLCA, FENCE

FENCE

SUNVEY TN DETERMINE NEFDS
PLCA, MODIFY GATE

SURVEY T O DETEAHINE NEFDS
SURVEY 10 DETERMINE NE? DS
SURVEY t u DETFAMINE NLFODS

SURVEY TO DETERNINE NEFDS

tuna, usfus, o n JYA
TURA, usfus, OR TVA
TURA, USFUS, oONn TV A
TURA, usfus, o n TYN
TURA, USFUS, 0 n TVA
TURA AND TVA

TVRA, USTYS, OR TVA
TURA, USFNS, OR TVA
TURR, usfus, o n TYA
TUNA, USFUS, 0 n TVA
TURA, USFUS,OR TV A
TURRN, USTYS, Da TVA
THRRA, USTYS, OR TVA
TURA, IISFII'S. OR TVA
tuna, usfus, on TN
TURA, USFUS, ORN TVA
tuna, usfus, ONTVA
TUBA, USfYS, Da TVA
tuna, usfus, on TVA
TURA, usfus, DaTva
TURA, USFUS, OR TVA

tuna, USEUS, OR TV A



TENNFSSEE

. TRINESSEE

TENNESSEE

JEUNESSEL

TENNESSEL

TINNE SSEE

TEUNESSEE

TERNESSEE

TEURESSEE

TEUMESSEE

TLUNESSEE

TLNNESSFE

IEITUESSJ

JLHNESSEE

JELNESSLID

TEUNESSEE

TENNESSEE

TENNESSEE

TLHNMESSEE

TLIMESSLY. ©

TEMNESSEER

TENNESSEL

FRABKLINM

CREENE

HICKMAN

JACK SON

HONTGOHERY

OVERTON

PERNY

PERNY

ROBERTSON

SMITH

SULLIVAN

UAYNE

.t UNRTE

viLson

BLEDSOE

CHEATUAN

GRA INGER

GREENE

HAtiCOCK

RHOX

KNOX

MWOORE

PENNINGTON CAVE

ARCH CAVE

ONLY SALTPE TER CAVFE

HARLE CAVE

COLEPAN CAVE

NOD INSON CAVE

BLOVING CAVE 61

SHONT CREER CAVE

ORY CAVE

NEU PEPER TAVE

HORNELL CAVE

ICE CAVFE

UARD CAVE

GALLATIN CAVE

PATTICN CAVF

NEPI UME SM.TPEIFR CAVE

COON CAVE

CEDAR CRERK CAVE

ROCK HOUSE CAVE

DLOU ING HOLE CAVE

MWL FLATS CAVE

JACK DPANIEL CAVE

bk}

mnm

220

221

229

227

22

152

208

192

151

219

136

235

17¢

SURVEY TO DETERMINE NEFDS

SURVEY T O DETERNINE NEFDS

SUKVEY T O DETERNINE NEEDS

SURVEY T O DETERRINE NEFDS

SURVEY T O PETEAMINE NEY DS

SUNVEY T O DETERMINE NEX DS

SURVEY T O DETERMINE NEEDS

SURVEY TO PETERMINE WEEDS

SUNVEY TO PETERMINE WEEDS

SURVEY TO DETERMINE MELDS

SURVEY T O DETERMINE NEEDS

SURVEY T O DETERNINE NEEDS

SURVEY T O DETERMINE NEEDS

SURVEY T O DETERMINE NEEDS

PLCA, SIGN OMLY

NONE

NONL

NONE

RoNE

TURR, usfus. OR VA
TURA, USFUS, on TV A
TWRA, USFUS, Da TVA
TURA, usf us, on TVA
TVRA, USFUS, OR T V A
TURA, USfUS. OR TVA
TURA, USFVS, O TVA
TURA, USFUS, OR T V A
TURR, USFUS,OR TV A
TURA, usfus , ffl TYN
TURA, USFUS, OR TVA
Tuna, usfus, on TYA
TURR, USFUS, on TVA
TURA, USEVS, 0 n USACE

TURR, usf us. OB TV A



SLUNESSEE

TLNNESSEE

TENNESSEE

TLNNESSEE

TEINESSEE

SEQUATCHIE WILMCTH CAvVE

SHITH

WHITE

WwiTe

UNITE

JOHN FISHEN cave

BARER CAVE

HASKELL SINS CAVE

RNOSE. CAVE

BN

TURA.
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TAPLE 19, GRAY DAT CAVLES IN VINGIMNIA.

STRIE COUNTY CAVE NANE INDEX FRTY SI1G PROTECTION NEEDS REC NGHT AGENCY
VIRGINIA SCOTT CLINCHPORT CAVL 29 2 . PLCA, SIGN ONLY VAGEF, USFWS, OR IVA
VIHGINIA LFE GINSCN-FRAZIER CAVE 218 ] ? NONE
VINGINIA 111 LITTCN CAVE W} 219 s 7 NONE
VIHNGINTIR  LEE MORRELL CAVE 23 LI | NONE
YIHWGINIA Lre TRITT CAVE 236 ] ? NONE

VIRGINLA SCOTT GRIGSBY CAVE 182 L ) NONE
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Ecological Sciences and Technology Division
Soil Conservation Service

P.O. Box 2890

Washington, D.C. 20013

Mt. Francis 3. Roche, Director

Real Property and Natural Resources

Office of Assistant Secretary of Defense
(Manpower, Reserve Affairs & Logistics)

Room 30,761 Pentagon

Washington, D. C. 20301

Assistant Secretary of Army for
Civil Works
Room 2ES5 70 Pentagon

Washington, D.C. 20310

Mr. John B. Bushman

Off ice of the Chief of Engineers
Civil Works CWP-P -
Washington, D.C. 20314

Ms. Ruth Clusen

Assistant Secretary for Environment
Department Of Energy

Mail Stop E201

Washington, D.C. 20545
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Federal Highway Administration
Cffice of Environmental Policy
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400 Seventh Street, SW.

Washingten, D.C. 20590

Mr. Frank Rusincovitch

Cffice of Environmental Review
Room 2119-M

401 M Street, SWV.

Washington, D.C. 26460

Dr. Thomas H. Ripley, ¥anager
Office of Natural Resources
Forestry Building

Norris, Tennessee 37828.
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Heritage Program

Division of Natural Resources

Norris, Tennessee 37328
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Ms. Phoebe wray

Executive Director

The Center for Action on Endangered Spec:
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Ayer, Massachusetts 01432

Dr. Robert E.  Jenkins
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The Natur e Conservancy

1800 N. Kent street, Suite 800
Arlington, Virginia 22209
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Suite 611

Washington, D.C. 20014
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U.S. Army Corps of Engineers
210 Tucker Blvd. North

St. Louis, Missouri 63101
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Commanding Genera2
Fort Leonard Wood, Missouri 65473

Dr. Michael J. Harvey
Professor of Biology
Ecological Research Center
Memphis Stat.8 University
Memphis, Tennessee £8152

Dr. Jeffrey Black .
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Dr, Everett Grigsby
Northeastern Oklahoma State University
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Ozark Underground Laboratory
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Defenders of wildlife
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Washington, D.C. 20036



Dr. A. R. Weisbrod, Endangered Species
Biologist

Natural Resources Division

National Park Service

Washington, D.C. 20240

Director

National Park Service
Interior Building
Washington, D.C. 20240

Regional Dfrector
National Park Service
1709 Jackson Street
Omaha, Nebraska 68102

Regional Dfrector
National Park Service
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Dr. John E. cooper
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U.S. Army Corps of Engineers
Mobile District
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District Engineer

U.S. Army corps of Engineers
Louisville District

P.O. Box 59
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Endangered Specles Specialtst

U.S. Fish and wildlife Service

P.C. Box 1306
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U.S. Fish and Wildlife Service
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Mr. TOm Kunz

Department of Blology

Boston University
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Mr. Merlin Tuttle
Milwaukee Public Museum
Milwaukee, Wisconsin 53233

Mr, Don Wilson

National Fish and Wildlife Laboratory
National Museum Of Natural History
Washington, D.C: 20560

Dr. 'Horace Hays
Ptttsbhurg State
Plttsburg, Kansas 66762

Dr. Richard Myers
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Kansas City, Missouri 64146

Mr. Alan Robinowitz
Department of Zoology
University of Tennessee
Knoxville, Tennessee 37916

Mr. Donald Russell
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P.O. Box 40747

Ellington Agricultural center
Nashville, Tennessee 3 7 2 0 4
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APTO 10165
San Jose, Costa Rica

Mr. Thomas Smith

Tennessee Department of Conservation
Divisien Of Plarning and Development
2611 W. End Avenue

Nashville, T ennessee 37203
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Environmental Analysis Branch

Rock Island Dist., Corps ¢ Engineers
Clock Tower Buiiding

Rock Wand, Rlinois 61201

Mr. Dan Eager

Tennessee Department of Conservation
2611 West End Avenue

Nashville, Tennessee 37203
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Regional Dfrector Attn: Mr. Paul Nfckerson
Endangered Species Specialist

U.S. Fish and wildlife Service

Sufte 700, One Gateway Center

Newton Corner, Massachusetts 02158

Regional Director Attn: Mr. Don Rodgers
Endangered Spectes Speclalist

U.S. Fish and Wildlife Service

P.0. Box 25486, Denver Federal Center
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Dfrector, U.S. Fish and Wildlife Service
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Washington, D.C. 20240
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U.S. Fish ond Wildlife Service
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Area Manager

U.S. Fish and wildlife Service
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Area Manager

U.S. Fish and wildlife Service
Providence Capitol Building, Suite 300
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Game and Fresh \Water Fish Commission
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Tallahassee, Florida 32304

Dr. David Kenney, Director
Department of Conservation
605 Stratton Office Building
Springfield, Rlinois 62706

Dfrector

wildlife Resources Commission

Archdale Building, §12 N. Salisbury Street
Raleigh, North Carolina 27611

Director

Mississippi Game and Fish Commission
239 N. Lamar Street

P.O. Box 451

Jackson, Mississippl 39205

M. Larry Gale, Director

Missouri Department of Conservation
P.O. Boz 180 '
Jefferson Cfty, Missouri 65101

Director

Department of Natural Resources
608 State Of fice Building
Indianapolis, Indiana 46204

Director

Oklahoma Department of Wildife Conservation

1801 N. Lincoln
P.O. Box 53466
Oklahoma City, Oklahoma 73105

Director

Department of Fish and wildlife Resources
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Frankfort, Kentucky 40601

Mr. william Banzlick, Director
Kansce Fish and Game Commission
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Pratt, Kansas 67124

Director

Game and Fish Division
Department of Naturcl Resources
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U.S. Fish and wildlife Service
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Area Manager

U.S. Fish and Wildlife Service
P.O. Box 250 _
Pierre, South Dakota 57501
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Endangered Species Specialist
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